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ABSTRACT
Two e t h y l  a c e t a t e - s o l u b l e  a c id  g i b b e r e l l i n - l i k e  
s u b s ta n c e s ,  g i b b e r e l l i n s  I  and I I ,  have b een  e x t r a c t e d  
from  e t i o l a t e d  P h a s e o lu s  m u l t i f l o r u s  s e e d l in g s ,  w h ile  g ib b e r ­
e l l i n s  I  and I I  p lu s  an  a d d i t i o n a l  e t h y l  a c e t a t e - s o l u b l e  
a c id  g i b b e r e l l i n - l i k e  s u b s ta n c e  g i b b e r e l l i n  I I I ,  have been  
d e te c te d  i n  e x t r a c t s  o f l i ^ t - g r o w n  s e e d l in g s .
T h ere  w ere b o th  q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s  
i n  th e  d i s t r i b u t i o n  o f  th e s e  g i b b e r e l l i n - l i k e  s u b s ta n c e s  in  
th e  v a r io u s  o rg a n s  o f  th e  P h a s e o lu s  m u l t i f l o r u s  s e e d l in g .
T here  w ere a l s o  d i s t i n c t  d i f f e r e n c e s  i n  th e  g i b b e r e l l i n  
c o n te n t  o f th e  p l a n t  p a r t s  o f  l i g h t -  and d a rk -g ro w n  s e e d l in g s .  
The p o s s ib le  s i g n i f i c a n c e  o f th e s e  r e s u l t s  i s  d i s c u s s e d .
D e s p ite  p ro lo n g e d  e f f o r t s  w ith  t h i n  l a y e r  c h ro m a to g ra p h ic  
te c h n iq u e s ,  i t  was n o t p o s s ib le  t o  i d e n t i f y  g i b b e r e l l i n s  
I ,  I I  o r  I I I .
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CHAPTER 1 INTRODUCTION 
The g ib b e r e l l i n s  were f i r s t  known a s  m e ta b o l i te s  o f th e  
fungus G ib b e re l la  f u j i k u r o i » a  p a thogen  a s s o c ia te d  w ith  
f o o t - r o t  d is e a s e  o f r i c e . T h e ir  d isc o v e ry  was th e  r e s u l t  o f 
th e  d e m o n s tra tio n  by Kurosawa (1926) t h a t  c e l l - f r e e  c u l tu r e  
f i l t r a t e s  o f C. f u j i k u r o i , when a p p lie d  to  r i c e  s e e d l in g s ,  
rep ro d u ce  th e  abnorm al shoo t e lo n g a tio n  c h a r a c t e r i s t i c  o f th e  
e a r ly  s ta g e s  of th e  d i s e a s e .  Subsequent work on g ib b e r e l l i n  
b io s y n th e s is  and t h e i r  e f f e c t s  on h ig h e r  p l a n t s ,  p a r t i c u l a r l y  
s in c e  th e  1950*s ,  h as  r e s u l t e d  in  th e  f a c t  t h a t  g ib b e r e l l in s  
a re  nov/ g e n e ra l ly  re c o g n ise d  a s  b e in g  an im p o rta n t group o f 
p la n t  horm ones. There a re  a v a i la b le  a t  l e a s t  two b i b l i o ­
g ra p h ie s  d e a lin g  w ith  th e  developm ent o f g i b b e r e l l i n  r e s e a r c h  
(S to d o la  1958, Simpson 1963) and numerous rev iew s co v e rin g  
more r e c e n t  work ( S tu a r t  & C athey 1961, B ria n  1964, 1966, 
Phinney  & West I9 6 0 , 1961, van  Overbeek 1966, Thimann 1963, 
Osborne 1965 and P a le g 1 9 6 5 ). N a tu r a l ly - o c c u r r in g  g ib b e r e l l i n s  
c o n tin u e  to  be c h a r a c te r is e d  and a t  th e  tim e of w r i t in g  th e  
number h a s  re ach ed  a t  l e a s t  tw en ty  ( th e  s t r u c t u r e s  of se v e n te e n  
o f th e s e  g ib b e r e l l i n s  a re  g iv e n  in  F ig .  l ) .
The work d is c u s s e d  in  t h i s  in t ro d u c to ry  c h a p te r  w i l l ,  in  
th e  m ain be c o n fin e d  to  th e  o ccu rren ce  and b io s y n th e s is  o f 
g i b b e r e l l i n s .
B io s y n th e s is  o f G ib b e r e l l in s
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Fig 1 Structures of Seventeen Gibberellins.
(Cavell et a] 1967)
8fu n g u s 9 G ribbere lla  fu n ilc u ro i (Pusarium  m o n i l i f orme) , a s  i t  
i s  a  r i c h  so u rce  o f many g i b b e r e l l i n s ,  p a r t i c u l a r l y  
g i b b e r e l l i c  a c id  (C u r t is  & C ross 1 954 ), and much o f t h i s  
work i s  rev iew ed  in  a  p ap e r by C ross ejk a J  (1964) »
B irc h  ejt aJ. (1958) su g g es ted  t h a t  g ib b e r  e l l i c  a c id  i s  
p roduced  by C. f u n ik u ro i  from  d ite rp e n o id  in te rm e d ia te s ,  
a s  fe e d in g  ex p e rim en ts  w ith  ^ ^ C - la b e lle d  a c e t i c  and m evalon ic  
a c id s  in d ic a te d  t h a t  g ib b e r e l l i c  a c id  was form ed th ro u g h  
th e  norm al is o p re n o id  pathway o f te rp e n e  b io s y n th e s i s .  I t  
was l a t e r  p o s tu la te d  (B irch  e t  a l  1959) t h a t  fo u r  m o lecu les  
o f m evalonate  condense to  g e r a n y l -g e ra n io l  py rophosphate  o r 
i t s  e q u iv a le n t ,  w hich v i a  a  b ic y c l i c  in te rm e d ia te  and a  
t r i c y c l i c  d i te r p e n o id ,  y i e ld s  g ib b e r e l l i c  a c id .
There was a t  t h i s  tim e no p o s i t iv e  in fo rm a tio n  on 
in te rm e d ia te s  betw een g e r a n y l-g e ra n io l  py rophosphate  and 
g ib b e r e l l i c  a c id ,  and i t  was in  an  a tte m p t to  r e c t i f y  t h i s  
s i t u a t i o n  t h a t  C ross ^  ^  (1963) i s o l a t e d  t h i r t y  m etabo­
l i t e s  o f G. f u n ik u r o i . I t  t r a n s p i r e d  t h a t  one of th e s e  
compounds, ( - ) -k a u re n e , was indeed  a  p re c u rs o r  o f g ib b e r ­
e l l i c  a c id ,  a s  ( - ) -k a u re ne-1 7 -^^C was tra n s fo rm e d  by 
G ibbere11a c u l tu r e s  in to  g i b b e r e l l i c  a c id  w ith o u t th e  
p o s i t io n  o f th e  ^^C l a b e l  b e in g  a l t e r e d  (C ross e t  ^  1964)# 
Graebe e t  a l  (1965) d em o n stra ted  th e  r a p id  fo rm a tio n  of 
d i te rp e n o id  compounds ( - ) -k a u re n e ,  ( - ) - k a u re n -1 9 -o l  and 
t r a n s - g e r a n y lg e r a n io l  from  m ev a lo n a te , in  c e l l - f r e e  




















Pig. 2. Precursors and compounds associated with 
gihherellin biosynthesis
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m acro carp a» G reene. The kaurene and k a u re n o l so formed 
were in c o rp o ra te d  in to  g ib b e r e l l i c  a c id  by P . m o n i l i f orme. 
2-^^C t r a n s  g e ra n y lg e ra n io l  from  ^^C -m evalonate d id  n o t 
c o n tr ib u te  r a d io a c t iv i t y  to  g ib b e r e l l i c  a c id  and was judged 
n o t a  l i k e l y  in te rm e d ia te  in  g ib b e r e l l i n  b io s y n th e s i s .
D ennis e t  a l  (1965) u s in g  th e  same p la n t  m a te r ia l  showed 
t h a t  t r a n s - g e ra n y lg e r a n y l  pyrophosphate  g iv e s  r i s e  to  
(~ )-k au ren e  by c y c l i z a t io n  and su g g ested  th e  fo llo w in g  
m e tab o lic  pathway f o r  g ib b e r e l l i n  b io s y n th e s is  (P ig . 3 )•
t r a n s  G eranyl g e r a n io l
t
M evalonate --------- > t r a n s  G e ran y lg e ran y l P yrophosphate
( - ) -K aurene 
I
( - ) -K a u re n -1 9 -o l
4
i
G ib b e re l l in s
P i^ .  3 P o s s ib le  m e ta b o lic  pathway f o r  G ib b e re l l in  
b io s y n th e s is  (D ennis e_t a l  1965)
D e sp ite  th e  f a c t  t h a t  E c h in o c y s tis  n u c e l lu s ,  a t  th e  s ta g e  
used  by Graebe e t  a l  and D ennis f t  a2 i s  r i c h  in  g ib b e r e l l in s  
no ev idence  i s  p re se n te d  th a t  d em o n stra te s  d i r e c t l y  th e  
c o n v e rs io n  of ( - ) -k au ren e  and ( - ) -k a u re n o l to  g ib b e r e l l i n s .  
T h is  i s  u n fo r tu n a te  a s ,  a lth o u g h  th e  co n v e rs io n  o f m evalonate  
to  g ib b e r e l l i c  a c id  h as been f u l l y  d em o n stra ted  in  th e  
fu n g u s , only  the  s te p s  m evalonate to  ( - ) -k a u ren e  and k au ren o l 
have been confirm ed in  h ig h e r  p la n t  t i s s u e .  The b e l i e f  t h a t  
( - ) -k au ren e  and k a u re n o l a re  co n v e rted  by h ig h e r  p la n t s  to
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g ib b e r e l l in s  i s  th e n  based on th e  s u p p o s i t io n  t h a t  
g ib b e r e l l i n  b io s y n th e s is  in  G. f u j i k u r o i  and h ig h e r  
p la n ts  i s  s im i la r ,  and th e  f a c t  t h a t  ( - ) -k au ren e  and 
( - ) -k a u re n o l w i l l ,  l ik e  g ib b e r e l l i n ,  prom ote l e a f  sh e a th  
e lo n g a tio n  in  s e e d lin g s  of d^ and an^ m u tan ts  of Zea 
mays (Katsum i e t  a2  1964), (Phinney ejb aJ. 1 9 6 4 ). T h is 
gap in  our knowledge may w e ll be f i l l e d  in  th e  none to o  
d i s t a n t  f u tu r e  a s  a t  l e a s t  one team i s  s tu d y in g  th e  f a te  
of k au ren o ic  a c id  and k a u re n o l in  m aize m utant s e e d lin g s  
(Geissmann e t  a l  1966 ).
S teV io l i s  a  t e t r a c y c l i c  d i te rp e n o ic  a c id ,  v e ry  
s im i la r  in  s t r u c tu r e  to  ( - ) -k a u re n e , and i t  h as  grov/th- 
p rem oting  a c t i v i t y  in  d^ (Ruddat ^  a l  1963) and an^ 
m u tan ts  of Zea mays (Katsumi e t  a l  1 9 6 4 ). ( - ) -k au ren e
i s  co n v e rted  to  s t e v i o l  by S te y ia  reb au n d ian a  (B enne tt 
e t  a l  1967), and s t e v i o l  i s  co n v e rted  by P . m o n i l i f orme 
to  a  g i b b e r e l l i n - l i k e  compound n o t i d e n t i c a l  w ith  
g ib b e r e l l in s  (Ruddat a t  a l  1965)#
Only r e c e n t ly  Geissmann e t  a l  (1966) and V e rb isc a r  
e t  a l  ?(1967) p re se n te d  ev idence  t h a t  su g g e s ts  t h a t  in  
G. f u j i k u r o i , ^ ^ G -la b e lle d  g ib b e r e l l i n s ,  d e r iv e d  from 
( - ) -k a u re n o l ,  ( - ) -k a u r -1 6 -e n -1 9 -o ic  a c id  and ( - ) - k a u r - 1 6 -  
e n -1 9 -o l ,  a re  in v o lv ed  in  a  sequence o f s te p s  in v o lv in g  an 
o v e r a l l  change tow ards h ig h e r  o x id a tio n  l e v e l s ,  w ith  
g ib b e r e l l in s  and Ay a t  an  e a r ly  s ta g e  in  th e  pathw ay, 
b e in g  co n v e rted  to  g ib b e r e l l in s  A^_ and A^. I t  was
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t e n t a t i v e l y  su g g ested  t h a t  l i e s  b e fo re  Ay and t h a t  
g ib b e r e l l i n  A^ p re ced es  A^; Jo n e s , R . l .  (1967) h as  
i s o la t e d  an enzyme from th e  sh o o ts  of pea s e e d lin g s  
t h a t  i s  capab le  of c o n v e r tin g  g ib b e r e l l i n  A  ^ to  A^#
Two of th e  e x t r a c ta b le  endogenous g ib b e r e l l in s  o f  pea 
s e e d lin g s  a re  th o u g h t to  be g ib b e r e l l i n s  A^ and A^.
More d a ta  on g ib b e r e l l i n  in te rc o n v e rs io n s  in  b o th  th e  fungus 
and h ig h e r  p la n ts  a re  e a g e r ly  a w a ite d , a s  i t  i s  q u i te  
p o s s ib le ,  b e a r in g  in  mind th e  q u a l i t a t i v e  v a r i a t i o n  of 
endogenous g ib b e r e l l in s  th ro u g h o u t th e  p la n t  kingdom, t h a t  
th e re  cou ld  be a  range o f s p e c ie s - s p e c i f i c  g ib b e r e l l i n  
in te rc o n v e rs io n  pathw ays. The e x is te n c e  o f such pathw ays 
cou ld  w e ll  accoun t f o r  th e  v a ry in g  s e n s i t i v i t y  o f d i f f e r e n t  
t i s s u e s  to  d i f f e r e n t  g ib b e r e l l in s  (B rian  ejt a l  1962, 1964, 
P a le  g e^  a l  1964, and Y/hyte & L uck w ill 1966) .
D ata on a  group of compounds knov/n a s  grow th r e t a r d a n t s ,  
GOG or G ycocel, AMO-1618, Phosphon D, e t c .  (Gathey 1964) 
su g g es t t h a t  th ey  e x e r t  t h e i r  e f f e c t  th ro u g h  an  in h ib i t i o n  
of g ib b e r e l l i n  b io s y n th e s is  (Rende e t  a l  1963, Rinnemann 
e t  a l  1964, Ruddat e t  a l  1965a, H arada & Bang 1965,
Z eev aart & Osborne 1965, P a le  g ^  a l  1965, B aldev a t  a l  
1965 ). More p r e c i s e ly  a  r e p o r t  by D ennis e t  a l  (1965) 
su g g e s ts  t h a t  AIvïO-1618 and Phosphon b lo ck  th e  c y c l i z a t io n  
o f t r a n s - g e ra n y lg e r a n y l  pyrophosphate  to  ( - ) -k a u re n e , and 
th e  same p aper and a  p u b l ic a t io n  by E a rad a  & Lang (1965) 
im p lie s  t h a t  GGG-induced i n h i b i t i o n  of g ib b e r e l l i n
b io s y n th e s is  occu rs  a t  an advanced s ta g e  beyond ( - ) -k a u re n e . 
B ea rin g  in  mind t h a t  th ey  may w e ll have o th e r  e f f e c t s  on 
h ig h e r  p la n t s  b e s id e s  i n h ib i t i o n  o f g ib b e r e l l i n  b io s y n th e s is  
(O le land  1965, M urashige 1965), th e se  compounds may in  th e  
fu tu re  prove even more u s e fu l  th a n  th e y  have done a l re a d y , 
in  a tte m p ts  to  e lu c id a te  b io s y n th e t ic  r e la t io n s h ip s  and 
p h y s io lo g ic a l  r o l e s  o f th e  g ib b e r e l l i n  hormones
S i te s  o f G ib b e re l l in  B io sy n th e s is  in  H igher P la n ts
U n ti l  v e ry  r e c e n t ly  l i t t l e  was known co n cern in g  th e  
s i t e s  o f g ib b e r e l l i n  b io s y n th e s is  in  h ig h e r  p l a n t s ;  in  
most in s ta n c e s  e x t r a c ta b le  g i b b e r e l l i n - l i k e  su b s ta n c e s  have 
been d e te c te d  in  g r e a te s t  amounts in  immature seeds 
(C orcoran  & Phinney 1962, D ennis & N its c h  1966, Jones B .P . 
1964, K h a lifa h  e t  a l  1965, K h a lifa h  1966, S to d d a rt 1965), 
much s m a lle r  q u a n t i t i e s  b e in g  p re s e n t  in  th e  v e g e ta t iv e  
p a r t s  o f th e  p la n t  (Knapp 1 9 6 3 ). As t r a n s lo c a t io n  of 
a p p lie d  g ib b e r e l l in s  in  p la n t s  occu rs  v e ry  r e a d i ly  ( Zweig 
e t  a l  1961, MeComb 1964, C lo r 1967), a  com parison of 
e x t r a c ta b le  g ib b e r e l l in s  in  v a r io u s  p a r t s  o f th e  p l a n t ,  i s  
n o t by i t s e l f  in d ic a t iv e  o f s y n th e s is  by a  p a r t i c u l a r  o rg an , 
a s  a  h ig h  g ib b e r e l l i n  c o n te n t cou ld  be a  consequence n o t o f 
in  s i t u  g ib b e r e l l i n  b io s y n th e s is ,  b u t o f t r a n s lo c a t io n  in to  
and accu m u la tio n  w ith in  the  o rgan , o f g i b b e r e l l i n  produced 
elsew here#  There i s  ev idence  however t h a t  immature seeds 
a re  a  s i t e  o f g ib b e r e l l i n  b io s y n th e s is  (B aldev e t  a2 1965, 
D ennis a t  aJ. 1965, Graebe e t  aJ. 1965, Z eev aart 196 6 ).
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Z eev aa rt (1966) showed th a t  g i b b e r e l l i n - l i k e  su b s ta n c e s  
p re s e n t  in  immature P h a r b i t i s  seed s were g r e a t ly  reduced  by 
tre a tm e n t w ith  GOG, s h o r t ly  a f t e r  f lo w e r in g ; seed  w eight was 
u n a f fe c te d  by such  t r e a tm e n t . I f  th e  s e e d lin g s  were t r e a t e d  
w ith  GGG b e fo re  th e  f lo w e rs  opened, a l l  th e  f r u i t  a b o r te d  
s h o r t ly  a f t e r  f lo w e rin g ; t h i s  was talcen a s  an  in d ic a t io n  t h a t  
g ib b e r e l l in s  a t  l e a s t  p lay  a  r o le  in  th e  e a r ly  s ta g e s  o f seed  
developm ent. T h is  does n o t however e x p la in  th e  e x is te n c e  o f  
la rg e  amounts o f g ib b e r e l l i n  in  immature seed s  of P h a r b i t i s » 
e ig h te e n  to  tw enty  days a f t e r  a n th e s i s ,  which can  be d e p le te d  
w ith o u t e f f e c t  on subsequen t seed  developm ent. Such GGG- 
t r e a te d  seed s  g ive  r i s e  to  s e e d lin g s  w ith  reduced  stem grow th 
and low le v e ls  o f endogenous g ib b e r e l l i n s ,  b u t as  GGG was 
c a r r ie d  from seed  t o  s e e d lin g , i t  was n o t p o s s ib le  to  t e l l  
i f  t h i s  e f f e c t  was due to  e i t h e r  GGG in h ib i t i n g  g ib b e r e l l i n  
b io s y n th e s is  in  th e  s e e d lin g  or a  consequence o f th e  low 
g ib b e r e l l i n  l e v e l s  in  th e  immature s e e d .
I t  i s  p o s s ib le  t h a t  th e  g ib b e r e l l in s  p re s e n t  in  immature 
seeds a re  l ik e  th e  g ib b e r e l l i n s  produced by G. f u j i k u r o i , in  
b e in g  m e ta b o lic  b y -p ro d u c ts  t h a t  p la y  no p a r t  in  grow th; 
a l t e r n a t i v e l y ,  th e y  cou ld  be te m p o ra r ily  in a c t iv a te d  by 
b e in g  bound to  l a r g e r  m o le c u le s . Such g ib b e r e l l i n s  have been  
d e te c te d  in  m ature seeds (McGomb 1961) and in  young s e e d lin g s  
(B arendse e t  a l  1966, B arendse & Bang 1 9 6 6 ). I t  co u ld  w e ll  
be t h a t  s to re d  bound g ib b e r e l l i n s  a re  r e le a s e d  d u rin g  
g e rm in a tio n , and i t  i s  f r e e  g ib b e r e l l in s  from t h i s  so u rc e .
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r a t h e r  th a n  novo s y n th e s i s ,  t h a t  p la y  a  r o l e ,  a t  l e a s t  in  
th e  e a r ly  developm ent o f s e e d l in g s .  W ith t h i s  t e n t a t i v e  hypo­
t h e s i s  in  m ind, i t  i s  i n t e r e s t i n g  to  n o te  t h a t  bound g ib b e r e l ­
l i n s  r e le a s e d  by a c id  h y d r o ly s i s ,  from  s e e d l in g s  o f P h a r b i t i s  
and S ile n e  a re  q u a l i t a t i v e l y  i d e n t i c a l  w ith  th e  * f r e e  * g ib b e r ­
e l l i n s  p r e s e n t  in  th e  t i s s u e  (B arendse £ t  ^  1966, B arendse & 
Lang 1 9 6 6 ).
S tu d ie s  on g i b b e r e l l i n  b io s y n th e s i s  in  th e  v e g e ta t iv e  p a r t s  
o f s e e d l in g s ,  p r e s e n t  p r a c t i c a l  p rob lem s becau se  o f th e  v e ry  
low l e v e l s  o f n a t iv e  g i b b e r e l l i n s ;  t h i s  n e c e s s i t a t e s ,  a t  l e a s t  
a t  p r e s e n t ,  a  more i n d i r e c t  ap p ro ach  th a n  h as  been  r e q u ir e d  f o r  
s tu d ie s  on G ib b e re l la  and im m ature s e e d . G ib b e r e l l i n - l i k e  sub ­
s ta n c e s  have been  d e te c te d  in  th e  b le e d in g  sap o f  e x c is e d  r o o t  
sy stem s of H e lia n th u s  annus ( P h i l l i p s  & Jo n es  1 9 6 4 ), L upinus 
a l b u s , Pisum sa tiv u m . Im p a tie n s  g l a n d u l i f e r a  (O arr ^  a2 1964) 
and V i t i s  v i n i f e r a  (Skene 1 9 6 ?)• However th e  p re se n c e  o f  g ib ­
b e r e l l i n s  in  b le e d in g  sap  does n o t p e rm it a  d e f i n i t e  c o n c lu s io n  
t h a t  r o o t s  a re  a  s i t e  o f  g i b b e r e l l i n  b io s y n th e s i s ,  a s  g ib b e r e l ­
l i n s  in  th e  sap may w e ll  have been  s y n th e s iz e d  i n  th e  sh o o t 
and have been  r e c i r c u l a t e d  th ro u g h  th e  r o o t  sy s tem . R eid  & C arr 
(1967) s id e s te p p e d  t h i s  c r i t i c i s m  when th e y  showed t h a t  an  
a p p l i c a t i o n  o f GGG to  th e  e x c is e d  r o o t  system  o f  Pisum  a rv e n se  
r e s u l t e d  i n  a  q u a n t i t a t i v e  and q u a l i t a t i v e  change in  th e  g ib b e r ­
e l l i n - l i k e  su b s ta n c e s  in  th e  s a p , so  assum ing t h a t  GGG i s  an 
i n h i b i t o r  o f  g i b b e r e l l i n  b io s y n th e s i s ,  th e  d a ta  s u p p o r ts  th e  
b e l i e f  t h a t  r o o t s  a r e  a  s i t e  o f g i b b e r e l l i n  b io s y n th e s i s .  GGG
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i s  th o u g h t to  i n l i i h i t  g ib b e r e l l i n  b io s y n th e s is  a t  an advanced 
s ta g e ,  a f t e r  ( - ) -k au ren e  (Dennis e t  a l  1965, H arada & Lang 1965); 
R eid & C arr use t h i s  in fo rm a tio n  to  su p p o rt t h e i r  h y p o th e s is  
t h a t  th e  q u a l i t a t i v e  GGG-induced changes in  th e  g i b b e r e l l i n - l i k e  
c o n te n t o f b le e d in g  sap  a re  due to  th e  d iv e r s io n  of an advanced 
p re c u rs o r  tow ards th e  p ro d u c tio n  o f an  abnorm al n o n -n a tiv e  
g ib b e re j- l in  o f Pisum a rv e n s e . U n fo r tu n a te ly  no in d ic a t io n  was 
g iv en  a s  t o  th e  e f f e c t  of GGG on th e  Pisum arv en se  s e e d lin g , 
subsequen t e f f e c t s ,  i f  any , o f th e  abnorm al g ib b e r e l l i n ,  and 
most im p o rta n t, no d a ta  was g iv en  on th e  i d e n t i t y  o f e i t h e r  
th e  norm al or abnorm al g ib b e r e l l in s  in  th e  s e e d l in g .
Jones & P h i l l i p s  (1966) have dem o n stra ted  more p o s i t iv e ly  
t h a t  a p ic a l  buds and young le a v e s ,  to g e th e r  w ith  th e  a p i c a l  3-4min 
re g io n  o f th e  ro o t  o f H e l ia n th u s , a re  s i t e s  o f g ib b e r e l l i n  b io ­
s y n th e s i s .  U sing a  sim ple b u t e f f e c t iv e  d i f f u s io n  te ch n iq u e  
(Jones & P h i l l i p s  1964), th e y  shov/ed t h a t  d i f f u s io n  from th e s e  
e x c ise d  a p ic e s  onto a g a r  re v e a le d  a  l e v e l  o f g i b b e r e l l i n - l i k e  
su b s ta n c e s  g r e a te r  th a n  t h a t  o b ta in e d  by s o lv e n t e x t r a c t io n  from  
a  s im i la r  number o f a p ic e s ,  and t h a t  th e  g i b b e r e l l i n  l e v e l  o f 
th e  a p ic e s ,  e x t r a c te d  a f t e r  th e  d i f f u s io n  p e r io d  was th e  same a s  
th a t  o b ta in e d  im m ediately  fo llo v /in g  e x c is io n  from th e  p l a n t .  The 
c o n c lu s io n  th a t  ro o t  and sh o o t a p ic e s  a re  s i t e s  o f g i b b e r e l l i n  
b io s y n th e s is  was su p p o rted  by th e  f a c t  t h a t  GGG reduced  th e  le v e ls  
o f endogenous g i b b e r e l l i n - l i k e  su b s ta n c e s  d i f f u s in g  in to  th e  a g a r 
from th e  ro o t  and sh o o t a p ic e s  (Jones & P h i l l i p s  1 9 6 ? ) . F u r th e r  
p ro o f o f th e  ro o t apex of H e lia n th u s  annus b e in g  a  s i t e  o f
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g ib b e r e l l i n  b io s y n th e s is  h as  been  th e  r e p o r t  by S i t to n  ^
(1967 ) t h a t  th e  in c u b a tio n  of ro o t  a p ic e s  in  2-^^C m evalonate 
y ie ld s  l a b e l l e d  ( - ) -k a u re n -1 9 - o l , an  in te rm e d ia te  in  g ib b e r ­
e l l i n  b io s y n th e s i s .
A p re lim in a ry  r e p o r t  by Jones R .L . jet aH (1966) shows t h a t  
a lth o u g h  pea s e e d lin g s  c o n ta in  two e x t r a c ta b le  g ib b e r e l l i n s  w ith  
s im ila r  p r o p e r t ie s  to  g ib b e r e l l i n s  A^ and A^, a g a r  d i f f u s â te s  
from a p ic a l  buds c o n ta in  on ly  g ib b e r e l l i n  A^. As exogenous 
g ib b e r e l l i n  Ag i s  r a p id ly  t r a n s lo c a te d  th ro u g h  i s o l a t e d  pea 
in te rn o d e  s e c t io n s  and r e a d i ly  re co v e re d  in  a g a r  b lo c k s , th e  
p o s s i b i l i t y  a r i s e s  t h a t  endogenous Ag i s  an  immobile p re c u rs o r  
of g i b b e r e l l i n  A^, e s p e c ia l ly  a s  i t  h as  been su g g es ted  by s e v e r a l  
w orkers t h a t  Ag cou ld  w e l l  be an advanced p re c u rs o r  o f o th e r  g ib ­
b e r e l l i n s  (Jones D .F . 1964, Phinney & Y/est I960 , M acM illan e t  aE 
1962). T h is  id e a  i s  su p p o rted  by th e  f a c t  t h a t  pea s e e d l in g s ,  
d e p le te d  o f endogenous g ib b e r e l l i n s  by Aü?IG-1618 t r e a tm e n t ,  can  
co n v e rt e x o g e n o u s ly -a p p lie d  g ib b e r e l l i n  Ag to  g ib b e r e l l i n  A^_
(Jones R .L . e t  ^  1 9 6 6 ). A lso , as  m entioned  p re v io u s ly ,  Jones R .L . 
(1967 ) h a s  i s o la t e d  an  enzyme from pea s e e d l in g s ,  t h a t  w i l l  con­
v e r t  g ib b e r e l l i n  Ag to  A^ v i t r o , a lth o u g h  a s  y e t  th e  
s p e c i f i c i t y  of the  enzyme i s  u n d e te rm in ed .
I t  i s  work of t h i s  n a tu r e , in  com b in a tio n  w ith  d i f f u s io n  
and e x t r a c t io n  te c h n iq u e s  t h a t  w i l l  e v e n tu a l ly  p ro v id e  more 
in fo rm a tio n  and th u s  h e lp  assem ble a  c o -o rd in a te d  p ic tu r e  o f 
g ib b e r e l l i n  b io s y n th e s is  in  th e  s e e d l in g ,  a s  a  l o g i c a l  and 
n e c e ssa ry  s te p  in  a tte m p tin g  to  d is c e r n  th e  complex
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m echanism s of hormone c o n t r o l l e d  p la n t  g ro w th .
Endogenous g i b b e r e l l i n s ,  g e rm in a tio n  and su b seq u en t developm ent 
G ib b e r e l l i c  a c id  and re d  l i ^ t  a r e  known to  prom ote d a rk  
g e rm in a tio n  o f Grand R apid l e t t u c e  seed  (Khan a t  a j. 1957) and 
s e v e r a l  o th e r  p h o to s e n s i t iv e  see d s  (Lang 1 9 6 5 ). The a c t io n  o f 
re d  l i g h t  and g i b b e r e l l i c  a c id  i n  g e rm in a tio n  o f p h o to s e n s i­
t i v e  see d s  a p p e a rs  t o  be s im i l a r ;  how ever, th e  re d  l i g h t  e f f e c t  
i s  s e p a ra b le  from  th e  g i b b e r e l l i c  a c id  e f f e c t  in  t h a t  f a r  re d  
l i g h t  r e v e r s e s  th e  r e d - l i g h t  e f f e c t  b u t n o t th e  g i b b e r e l l i c  
a c id  e f f e c t  (Khan e t  a l  1 9 5 7 ). A lthough  l e t t u c e  seed  c o n ta in s  
g i b b e r e l l i n - l i k e  s u b s ta n c e s  (B lum en tha l-G o ldschm id t & Lang 
I9 6 0 , Muralcami 1 9 5 9 ), Ikuma & Thimann (I9 6 0 ) f a i l e d  to  d e te c t  
d i f f e r e n c e s  in  th e  g i b b e r e l l i n  c o n te n t  o f u n t r e a te d  and r e d -  
l i g h t  t r e a t e d  p h o to s e n s i t iv e  l e t t u c e  s e e d s .  R e c e n tly  how ever 
K ëh le r (1966) h a s  shown t h a t  l e t t u c e  seed  in  d a rk n e s s  c o n ta in s  
on ly  a  sm a ll amount o f g i b b e r e l l i n - l i k e  s u b s ta n c e s ,  b u t on 
i l lu m in a t io n  w ith  r e d  l i ^ t ,  th e r e  i s  w i th in  one h o u r , a  
sh a rp  in c r e a s e  in  th e  g i b b e r e l l i n  c o n te n t .  K ô h le r c o n c lu d e s  
t h a t  l e t t u c e  se e d s  i n  d a rk n e ss  do n o t c o n ta in  th e  am ounts o f 
g i b b e r e l l i n  n e c e s s a ry  f o r  g e rm in a tio n , b u t  u n d er th e  i n f l u ­
ence of l i g h t ,  th e s e  am ounts a re  p ro v id e d . However, l i t t l e  
i s  known ab o u t th e  s i t e  o f g i b b e r e l l i n  b io s y n th e s i s  in  t h e  
l e t t u c e  seed  o r th e  mechanism  of i t s  a c t i o n  in  p rom o tin g  
ge rm in a t io n .  More in fo rm a tio n  i s  a v a i l a b le  on c e r e a l  g r a in s ,  
and in  p a r t i c u l a r  th e  a c t io n  o f b o th  endogenous and exogenous 
g i b b e r e l l i n s  i n  p rom oting  th e  s y n th e s i s  o f «^-am ylase and
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o th e r  enzymes by th e  a le u ro n e  l a y e r  o f b a r le y  s e e d s .
P e rh ap s  b ecau se  of i t s  r e l a t i v e  s im p l i c i ty  t h i s  i s  ab o u t 
th e  on ly  system  in  w hich th e  mode o f a c t io n  o f g i b b e r e l l i n  
h as  been in v e s t ig a te d  in  d e t a i l .  (P a le g  I9 6 0 , P a le g & Hyde 
1964, G h r is p e e ls  & V arner 1964, 1967, G h r is p e e ls  £ t  aJ. 1966, 
P i ln e r  e t  1966, V arn er 1964, V arn e r & G handra 1964,
V arn e r e t  aJ. 1965, B rig g s  1 9 6 3 .)
Yomo & H aum a (1966) showed t h a t  c u l tu r e d  d e ta c h e d  
b a r le y  embryos a r e  ca p ab le  o f g i b b e r e l l i n  b io s y n th e s i s  a t  
l e a s t  d u r in g  th e  f i r s t  f iv e  days o f  g e rm in a tio n , a s  th e y  
d e te c te d  a  g i b b e r e l l i n - l i k e  su b s ta n c e  on th e  t h i r d  day o f 
c u l t u r e ,  v/hich in c re a s e d  m arked ly  in  th e  fo llo w in g  tv/o d a y s . 
H adley (1967) r e p o r t s  t h a t  g i b b e r e l l i n - l i k e  s u b s ta n c e s ,  
p o s s ib ly  g i b b e r e l l i n s  and Ag, a r e  p roduced  in  th e  
s a u te  Hum o f th e  b a r le y  embryo d u rin g  th e  f i r s t  tv/o days 
o f g e rm in a tio n , and on th e  t h i r d  day th e  a c t i v i t y  o f th e  
s c u te llu m  c e a se s  and th e  a x is  p ro b a b ly  commences to  p roduce  
g i b b e r e l l i n s .  H elm ing & Johnson  (1964) found one g ib b e r e l ­
l i n - l i k e  su b s ta n c e  i n  unm alted  w heat and an  a d d i t i o n a l  
g i b b e r e l l i n - l i k e  compound i n  m a lted  w h e a t. B oth o f  th e s e  
compounds, e s p e c i a l ly  th e  seco n d , in c re a s e d  p a r t i c u l a r l y  
i n  th e  em bryo, d u r in g  th e  f i r s t  th r e e  to  fo u r  days of 
g e rm in a tio n .
In  an  i n d i f f e r e n t  and c o n fu s in g  p a p e r  Pegg (1966) 
r e p o r te d  q u a l i t a t i v e  changes i n  f r e e  and bound endogenous 
g i b b e r e l l i n - l i k e  s u b s ta n c e s  d u r in g  th e  e a r ly  s ta g e s  of
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g e rm in a tio n  o f e t i o l a t e d  tom ato  s e e d l in g s .  E s t im a te s  
were n o t on a  q u a n t i t a t i v e  b a s i s  and no a t te m p t was made 
to  i d e n t i f y  th e  g i b b e r e l l i n - l i k e  su b s ia rc e s . E i l l  &
Selman (1966) d e te c te d  two g i b b e r e l l i n - l i k e  com ponents in  
l i ^ t - g r o w n  tom ato  s e e d l in g s  a t  th e  6-8  l e a f  s t a g e .  The 
s e e d lin g s  were d iv id e d  in to  young stem s and le a v e s ,  and 
o ld  stem s and le a v e s .  A lthough  no p r e c i s e  q u a n t i t a t i v e  
m easurem ents w erecm ade, i t  was n o ted  t h a t  ore o f th e s e  
compounds was p r e s e n t  in  h ig h e r  am ounts i n  o ld  t i s s u e ,  
w h ile  th e  o th e r  showed th e  o p p o s ite  d i s t r i b u t i o n .  H oots 
were n o t i n v e s t i g a t e d .
Ogawa (1964) found two g i b b e r e l l i n - l i k e  s u b s ta n c e s  in  
e th a n o l ic  e x t r a c t s  o f c o ty le d o n s  o f g e rm in a tin g  P h a r b i t i s  
n i l  s e e d l in g s .  The q u a n t i t i e s  o f th e s e  two g i b b e r e l l i n -  
l i k e  s u b s ta n c e s  in c re a s e d  r a p id ly  w ith  a  c o r re s p o n d in g ly  
r a p id  in c re a s e  i n  th e  f r e s h  w e ig h t and a r e a  of th e  c o ty ­
le d o n s , and a t t a i n e d  a  maximum l e v e l  s ix  days a f t e r  sow ing . 
In  e t i o l a t e d  s e e d l in g s  th e  two g i b b e r e l l i n - l i k e  s u b s ta n c e s  
in c re a s e d  in  amount on ly  g ra d u a l ly  w ith  a  s i m i l a r ly  slow  
in c re a s e  in  c o ty le d o n  f r e s h  w eigh t and a r e a ,  r e a c h in g  a  
maximum on th e  f o u r th  d ay . E t i o l a t e d  s e e d l in g s  exposed  
to  l i g h t  in c re a s e d  th e  g i b b e r e l l i n  c o n te n t  o f  t h e i r  c o ty ­
le d o n s  i n  p a r a l l e l  w ith  th e  open ing  o f th e  h y p o c o ty l hook 
and e x p a n s io n  of th e  c o ty le d o n s . Only r e l a t i v e l y  sm a ll 
am ounts o f g i b b e r e l l i n - l i k e  s u b s ta n c e s  w ere d e te c te d  i n  th e  
g e rm in a tin g  h y p o c o ty ls  and r o o t s .
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The sim ple  d e m o n s tra tio n  of th e  p re se n c e  o f g i b b e r e l l i n -  
l i k e  compounds in  h ig h e r  p l a n t s  does n o t  p rove a  horm onal 
r o l e ,  b u t a s  exogenous a p p l i c a t i o n  o f b o th  th e  endogenous 
g i b b e r e l l i n - l i k e  compounds prom oted th e  ex p a n s io n  o f 
c o ty le d o n a ry  d i s c s  o f P h a r b i t i s  n i l  and th e r e  i s  a  p o s i t iv e  
c o r r e l a t i o n  betw een g i b b e r e l l i n  c o n te n t  and c o ty le d o n  grow th  
of th e  s e e d l in g ,  th e  c i r c u m s ta n t i a l  ev id en ce  i s  s u f f i c i e n t l y  
s tro n g  to  p e rm it th e  c o n c lu s io n  t h a t  endogenous g i b b e r e l l i n s  
p la y  an im p o rta n t horm onal r o l e  i n  t h e  e a r ly  developm ent of 
th e  P h a r b i t i s  n i l  s e e d l in g .
E t i o l a t i o n
P la n t s  grow in  d a rk n e ss  a t  a  much f a s t e r  r a t e  th a n  in  
l i g h t ,  p ro v id ed  th e y  have s u f f i c i e n t  food  r e s e r v e s .  D ark - 
grown s e e d lin g s  h a v e , i n  a d d i t io n  to  more e lo n g a te d  i n t e r ­
nodes th a n  l ig h t-g ro w n  m a t e r i a l ,  f o ld e d  le a v e s  and la c k  
c h lo r o p la s t s  and th e  a s s o c ia te d  p h o to s y n th e t ic  p ig m e n ts .
The g e n e ra l  c o n d i t io n  i s  r e f e r r e d  to  a s  e t i o l a t i o n .  L ig h t -  
grown s e e d lin g s  t r e a t e d  w ith  g i b b e r e l l i c  a c id  a re  a b le  t o  
a t t a i n  grow th r a t e s  com parable w ith  th o s e  o f e t io H a te d  
s e e d l in g s .  L o ck h art (1959) su g g e s te d  t h a t  l i g h t  i n h ib i t e d  
stem  grow th by e i t h e r  i n h i b i t i n g  g i b b e r e l l i n  b io s y n th e s i s ,  
a  d e s t r u c t io n  or d iv e r s ib n  o f endogenous g ib b e r e l l i n s  o r  
d e c re a s in g  th e  s e n s i t i v i t y  o f  th e  s e e d lin g  to  g i b b e r e l l i n .
However, Ogawa (1964) h a s  shown t h a t  th e  c o ty le d o n s  
o f l i ^ t - g r o w n  P h a r b i t i s  n i l  s e e d l in g s  c o n ta in  more th a n  
tw ice  th e  amount o f g i b b e r e l l i n - l i k e  s u b s ta n c e s ,  th a n  th o se
22
o f e t i o l a t e d  s e e d l in g » .  The g i b b e r e l l i n  c o n te n t  o f 
e t i o l a t e d  s e e d lin g s  exposed  t o  l i g h t  was found to  r i s e  in  
p a r a l l e l  w ith  th e  open ing  o f  th e  h y p o c o ty l hook and th e  
ex p a n s io n  o f th e  c o ty le d o n s .
K ëh le r (1965, 1 9 6 5 a ), u s in g  * Schnabel*, a  norm al 
v a r i e t y  of Pisum  sa tiv u m , showed t h a t  l ig h t-g ro w n  se e d ­
l i n g s  had a  g i b b e r e l l i n  c o n te n t  t e n  tim e s  g r e a t e r  th a n  
t h a t  o f e t i o l a t e d  s e e d l in g s .  CGC red u ced  th e  l e v e l  of 
g i b b e r e l l i n  i n  l i ^ t - g r o w n  s e e d l in g s ,  t o  t h a t  o f e t i o l a t e d  
t i s s u e ;  i t  a l s o  red u ced  stem  grow th  o f  l i g h t  s e e d l in g s ,  
b u t i t s  e f f e c t  on stem  grow th of e t i o l a t e d  p la n t s  was only  
w eak. The change in  th e  g i b b e r e l l i n  c o n te n t  of th e  p ea  
s e e d lin g s  from  th e  e t i o l a t e d  to  th e  l ig h t-g ro v m  p a t t e r n  i s  
m ed ia ted  v ia  th e  phytochrom e sy s te m . T rea tm en t o f  e t i o l a t e d  
s e e d lin g s  w ith  f a r  re d  l i g h t  r e s u l t e d  i n  a  low g i b b e r e l l i n  
c o n te n t ,  even  when ev e ry  f a r  re d  f l a s h  was p re ced ed  by a  
n e a r  re d  f l a s h ; a l t e r n a t i v e l y ,  re d  l i g h t  had th e  e f f e c t  o f 
a  h ig h  g i b b e r e l l i n  c o n te n t  even  when a  f a r  re d  f l a s h  
p re ced ed  ev ery  n e a r  re d  f l a s h • (K B hler 1 9 6 6 a ) .
U sing  a  dw arf v a r i e ty  o f p e a . P ro g re s s  R o .9 , Kende &
Lang (1964) found  t h a t  b o th  e t i o l a t e d  and r e d - l i g h t  t r e a t e d  
s e e d lin g s  c o n ta in e d  two g i b b e r e l l i n s ,  p ro b a b ly  and Ag, i n  
ap p ro x im a te ly  e q u a l am ounts. But w h ile  th e r e  was an  e q u a l  
re sp o n se  to  g ib b e re ll in A ^  by b o th  e t i o l a t e d  and l ig h t-g ro w n  
s e e d l in g s ,  l ig h t-g ro w n  s e e d l in g s  w ere much l e s s  s e n s i t i v e  
to  g i b b e r e l l i n  Ag th a n  e t i o l a t e d  s e e d l in g s .
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The ev id en ce  i s  th e n  c o n f l i c t i n g ,  th e  r e s u l t s  o f Kende & 
Lang , s u g g e s tin g  t h a t  r e d  l i g h t  i n h i b i t s  stem  grow th n o t  by 
e f f e c t i n g  g i b b e r e l l i n  b io s y n th e s i s ,  b u t by r e n d e r in g  th e  
s e e d lin g  l e s s  re s p o n s iv e  to  th e  endogenous g i b b e r e l l i n s .  The 
d a ta  o f K tth ler (1965a, 1966a) and Ogawa (1 9 6 4 ), a lth o u g h  n o t 
r e f u t i n g  K ende' s l a t t e r  c o n c lu s io n , do in d ic a te  t h a t  re d  l i g h t  
i n i t i a t e s  g i b b e r e l l i n  b io s y n th e s is *  As f a r  a s  th e  work on 
p ea  s e e d l in g s  i s  co n c e rn ed , th e  c o n f l i c t i n g  c o n c lu s io n s  a re  
n o t due sim ply  to  th e  f a c t  t h a t  dw arf and t a l l  p e a s  were 
u sed  in  th e  s e p a ra te  i n v e s t i g a t i o n s .  A r e c e n t  r e p o r t  from  
Lang* 8 la b o r a to r y  (Jo n es  R .L . e t  a l  1966) c o n firm s  th e  r e s u l t s  
of Kende and Lang, u s in g  b o th  d i f f u s io n  and e x t r a c t io n  te c h ­
n iq u e s  and a l s o  d e m o n s tra te s  th e  l e v e l  o f  g i b b e r e l l i n s  to  be 
s im i la r  in  th e  dw arf v a r i e ty  o f Pisum  sa tiv u m . P ro g re s s  H o .9 , 
and A la sk a , a  t a l l  v a r i e t y .  The s i t u a t i o n  i s  f u r t h e r  co n fu sed  
by th e  f a c t  t h a t  K ëh le r (1965) r e p o r t s  t h a t  th e  t a l l  v a r i e t y  
S chnabel c o n ta in s  e ig h t  t im e s  more g i b b e r e l l i n - l i k e  s u b s ta n c e s  
th a n  a  dv/arf pea  K le in e  Riie in la n d e r  i n .
I t  seems l i k e l y  th e n  t h a t  in v e s t i g a t io n s  on e t i o l a t i o n  
phenomena u s in g  p ea  s e e d lin g s  a r e  c o m p lic a te d  by th e  p r o b a b i l ­
i t y  o f s u b s ta n c e s  o th e r  .than  g i b b e r e l l i n s  h a v in g  a  m a jo r 
a f f e c t  on stem  g ro w th . The p o s s i b i l i t y  a r i s e s  t h a t  a t  l e a s t  
i n  some s p e c ie s ,  l i ^ t - i n h i b i t e d  stem  grow th  co u ld  be due to  
th e  l ig h t - in d u c e d  fo rm a tio n  o f  g i b b e r e l l i n  i n h i b i t o r s .  K ëh le r 
& Lang (1963) r e p o r te d  th e  d e te c t io n  o f a  su b s ta n c e  t h a t  
s p e c i f i c a l l y  red u ced  th e  re sp o n se  o f dw arf pea  s e e d l in g s  t o
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a p p l i c a t io n s  o f exogenous g ib b e r e l l in *  T h is  compound was 
d e te c te d  in  h ig h  l e v e l s  in  l ig h t-g ro w n , and low l e v e l s  in  
dark -g row n s e e d lin g s  o f th e  dv/arf pea P ro g re s s  E o .9 ; b u t 
in  r e l a t i v e l y  lov/ q u a n t i t i e s  in  b o th  l ig h t-g ro w n  and e t i o l a ­
te d  s e e d lin g s  o f th e  t a l l  v a r i e t y ,  A la s k a .
P a le g  (1 9 6 5 ) ,  comm enting on much o f th e  d a ta  d is c u s s e d  
above , p o se s  two q u e s tio n s#  F i r s t ,  w hat i s  th e  so u rce  of 
th e  g i b b e r e l l i n s  d e te c te d  by Kende & Lang; how a re  th e y  
produced  in  th e  s e e d lin g ?  And sec o n d ly  i f  b io s y n th e s i s  o f 
g i b b e r e l l i n s  i s  i n i t i a t e d  by l i g h t ,  a s  b o th  K tth ler and 
Ogawa s u g g e s t ,  why do dark -g row n  s e e d lin g s  e lo n g a te  and y e t  
re sp o n d  so p o o r ly  to  exogenous g ib b e r e l l i n ?  P a le g  goes on 
to  a t te m p t to  answ er h i s  own q u e s t io n s  by p o s tu l a t in g  t h a t  
s e e d lin g  grow th  in  th e  d a rk  may n o t n e c e s s a r i ly  be due to  
de novo s y n th e s is  o f  g i b b e r e l l i n ,  a s  i t  i s  c o n c e iv a b le  t h a t  
g row th  co u ld  r e s u l t  from  a  u t i l i z a t i o n  o f th e  s e e d l i n g 's  
bound o r c o n ju g a te d  g i b b e r e l l i n  r e s e r v e s .  I t  would th e n  be 
c o n c e iv a b le  t h a t  i f  s e e d l in g  grow th i n  th e  d a rk  does n o t 
d e p le te  th e  bound g i b b e r e l l i n  r e s e rv e  a t  to o  g r e a t  a  r a t e ,  
th e  s e e d lin g s  w i l l  c o n tin u e  to  e lo n g a te  a s  lo n g  a s  t h e i r  
c a rb o h y d ra te  r e s e r v e s  l a s t#
The in fo rm a tio n  t h a t  i s  c u r r e n t ly  a v a i l a b le  does n o t 
p e rm it P a l e g 's  h y p o th e s is  to  be e i t h e r  co n firm ed  o r  r e f u te d  
w ith  any d eg ree  o f c e r t a in ty #  I t  can  be c o r r e l a t e d  w ith  th e  
f in d in g s  o f K ôh ler (1965) and Moore (1 9 6 7 ), t h a t  CGC t re a tm e n t
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o f e t i o l a t e d  t a l l  p ea s  h a s  l i t t l e  e f f e c t  on stem  grow th , 
and a l th o u g h  th e r e  a re  c o n f l i c t i n g  r e p o r t s  on th e  p re se n c e  
o f hound g ib b e r e l l i n s  i n  pea s e e d lin g s  (Jo n es  R.L* e t  a2  
19b6, B arendse e t  a2 1 9 6 7 ), bound g ib b e r e l l i n s  have been  
d e te c te d  in  e x t r a c t s  o f s e v e r a l  p l a n t s  (B arendse e t  a l  
1966, B arendse & Bang 1966, Pegg 1966, MeComb 1 9 6 1 ).
The m echanism s o f g i b b e r e l l i n  s y n th e s i s  d u r in g  e t i o l a ­
t i o n  and th e  su b seq u en t e f f e c t s  of re d  l i g h t  a re  th e n  f a r  
from  c l e a r  and on ly  when more c r i t i c a l  s tu d ie s  a r e  c a r r i e d  
o u t w i l l  th e  s i t u a t i o n  be rem edied#
N e u tra l  and bound g i b b e r e l l i n s
L eaf d i s c s  o f young le a v e s  o f many p la n t s  in c lu d in g  
cucum ber, P h a r b i t i s  n i l , and B upinus l u t e u s , a r e  c a p a b le  o f 
c o n v e r t in g  exogenous g i b b e r e l l i c  a c id  in to  a  b u ta n o l - s o lu b le ,  
b u t no t e th y l  a c e t a t e - s o lu b le  g lu c o s id e .  M ild  h y d r o ly s is  w ith  
d i l u t e  HOI w i l l  decompose th e  g lu c o s id e  in to  g lu co se  and 
g i b b e r e l l i c  a c id  (Murakami 1961) # Sembdner e t  ad. (1964) 
have i s o l a t e d  a  b u ta n o l - s o lu b le  n e u t r a l  g i b b e r e l l i n - l i k e  
su b s ta n c e  from  P h a se o lu s  c o c c in e u s  B. seeds#  I t  c o n s is te d  
o f su g a rs  (one of w hich was g lu c o s e ) ,  n in h y d r in  p o s i t iv e  
su b s ta n c e s  and a  g i b b e r e l l i n - l i k e  compound. The su b s ta n c e  
was p r e s e n t  a b u n d a n tly  i n  m atu re  d ry  s e e d s ;  t h i s  c o n t r a s te d  
w ith  o th e r ,  e th y l  a c e t a t e - s o l u b l e ^ g ib b e r e l l i n s  w hich 
d is a p p e a re d  a s  th e  seed s m a tu re d .
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P o ta to  f a c to r  I  i s  a  g i b b e r e l l i n - l i k e  s u b s ta n c e  t h a t  
can  be e x t r a c te d  from  p o ta to  tu b e r s  i n  th e  n e u t r a l  f r a c t i o n ,  
and v ; i l l  s t im u la te  stem  grow th in  Morse P ro g re s s  dw arf pea  
s e e d l in g s  grown u n d er re d  l i g h t . I f  P o ta to  F a c to r  I  i s  
l e f t  in  a e ro b ic  c o n d i t io n s  a t  room te m p e ra tu re  f o r  two w eeks, 
i t  i s  c o n v e rte d  rn  v i t r o  to  a  l e s s  p o la r  g i b b e r e l l i n - l i k e  
su b s ta n c e  w ith  a m o b i l i ty  s im i l a r  to  t h a t  o f g i b b e r e l l i n  
T h is  new compound i s  much more a c t iv e  in  th e  M orse P ro g re s s  
dw arf pea  a s sa y  and u n lik e  P o ta to  F a c to r  I  i t  shows s l i g h t  
a c t i v i t y  in  th e  d^ m aize m u tan t a s s a y .  (H ayash i & R appaport 
1965) I t  i s  p o s s ib le  t h a t  n e u t r a l  and a c id  b u ta n o l - s o lu b le  
g i b b e r e l l i n - l i k e  compounds a re  i n  f a c t  bound g i b b e r e l l i n s ,  
ab o u t w hich th e r e  was much s p e c u la t io n  e a r l i e r  i n  t h i s  
c h a p te r .
H ashim oto & R appapo rt (1966) showed t h a t  d u r in g  m a tu ra t io n  
o f P h a se o lu s  v u lg a r i s  se e d s  th e  a c id  e th y l  a c e t a t e - s o l u b l e  
g i b b e r e l l i n s  i n i t i a l l y  in c re a s e d  and th e n  a lm o st d is a p p e a re d  
a s  th e  seed  re a c h e d  m a tu r i ty ;  i n  c o n t r a s t  n e u t r a l  g i b b e r e l l i n -  
l i k e  su b s ta n c e s  and a  b u ta n o l- s o lu b le  a c id  g i b b e r e l l i n - l i k e  
compound w hich c o n t in u a l ly  in c r e a s e d ,  w ere p r e s e n t  in  f a i r l y  
la r g e  am ounts in  m atu re  s e e d s . F u rth e rm o re  a f t e r  t r e a tm e n t  
o f seed s a t  v a r io u s  s ta g e s  o f m a tu r i ty  w ith  g i b b e r e l l i n  A^, 
th e  l e v e l s  o f n e u t r a l  g i b b e r e l l i n - l i k e  s u b s ta n c e s  rem ained  
unchanged i n  im m ature see d s  b u t  in c re a s e d  m arked ly  i n  th e  
more m atu re  s e e d s .  C o in c id e n t w ith  in c re a s e d  l e v e l s  o f  
n e u t r a l  su b s ta n c e s  th e re  was a  s i g n i f i c a n t  d e c re a se  in
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e th y l  a c e t a t e - s o lu b le  a c id  g i b b e r e l l i n s ,  in c lu d in g  g i b b e r e l l i n  
(HashimOto& R appaport 1 9 6 6 a ) . T h is  in fo rm a tio n  was i n t e r ­
p re te d  a s  s u g g e s tin g  th e  o cc u rren c e  of a  r e v e r s i b l e  system  
c o n v e r t in g  a c id  to  n e u t r a l  g i b b e r e l l i n s ,  vdiich co u ld  e x p la in  
th e  changes i n  g i b b e r e l l i n  c o n te n t  d u r in g  seed  deve lopm en t, 
w ith  n e u t r a l  g i b b e r e l l i n s  p o s s ib ly  a c t in g  a s  a  r e s e rv e  form  
o f g i b b e r e l l i n  in  m ature P h a se o lu s  s e e d s .
A r e c e n t  summary by B arendse e t  a2  (1967) r e p o r t s  t h a t  
l a b e l l e d  g i b b e r e l l i n  A^ in j e c t e d  in to  d e v e lo p in g  p ea  pods 
v^as r a p id ly  c o n v e rte d  to  a  su b s ta n c e  w ith  ch ro m ato g rap h ic  
b e h a v io u r  v e ry  s i m i l a r  to  g i b b e r e l l i n  A^, b u t w hich had v e ry  
l i t t l e  b i o l o g ie a l  a c t i v i t y .  A no ther l a r g e  p a r t  o f th e  l a b e l  
ap p ea red  in  a  bound form  w hich co u ld  be p a r t i a l l y  c o n v e rte d   ^
to  g i b b e r e l l i n  A^  ^ and th e  f i r s t - n a m e d  c o n v e rs io n  p ro d u c t by 
m eans o f m ild  a c id  h y d r o ly s i s .  The r e s u l t s  from  g e rm in a tin g  
seed  seem to  in d ic a te  t h a t  a t  l e a s t  p a r t  o f th e  bound g ib b e r ­
e l l i n  i n  th e  seed  i s  b e in g  m o b ilis e d  a s  th e  r a t i o  o f f r e e  t o  
bound g i b b e r e l l i n  A^ in c re a s e d  w ith  tim e in  th e  c o ty le d o n s  
and a t  th e  same tim e f r e e  g i b b e r e l l i n  A^ and i t s  c o n v e rs io n  
p ro d u c t in c re a s e d  in  sh o o t and r o o t .
One n e u t r a l  g i b b e r e l l i n - l i k e  su b s ta n c e  w hich  shows a c t i v i t y  
i n  th e  M orse P ro g re s s  dw arf pea  a s s a y . P o ta to  F a c to r  I I ,  h a s  
been  p a r t i a l l y  i d e n t i f i e d  and i s  th o u g h t t o  be s im i l a r  to  
c e r t a i n  s t r a i g h t  c h a in  f a t t y  a c id  d e r iv a t i v e s  (H ayash i and 
R appaport 1 9 6 6 ). More in fo rm a t io n  i s  th e n  o b v io u s ly
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r e q u i r e d ,  e s p e c i a l ly  on th e  ch em ica l s t r u c t u r e  o f o th e r  
n e u t r a l  and b u ta n o l - s o lu b le  a c id  g i b b e r e l l i n - l i k e  s u b s ta n c e s ,  
a s  w e ll  a s  ch em ica l d e t a i l s  o f  p o s s ib le  r e l a t i o n s h i p s  
betw een  n e u t r a l  and a c id  g ib b e r e l l in s  d u r in g  seed  m a tu ra t io n  
and g e rm in a t io n .
The P re s e n t  Problem
The endogenous g ib b e r e l l i n s  of im m ature Phase o lu s  
m u l t i f l o r u s  se e d s  have been  th o ro u g h ly  i n v e s t i g a t e d .  
M acM illan e t  a l  ( i9 6 0  & 1962) i d e n t i f i e d  g ib b e r e l l i n s  
A^, Ag and Ag, w h ile  Gave11 ^  a2 (1 9 6 7 ), u s in g  gas l i q u id  
ch rom atog raphy , d e te c te d  g i b b e r e l l i n s  A^, A^, A^ and Ag, and 
th e  p o s s ib le  p re se n c e  o f g i b b e r e l l i n s  A^ and A ^^. The same 
group o f w orkers  u sed  a  gas ch rom âtography /m ass sp e c tro m e try  
te c h n iq u e  t o  co n firm  th e  p re se n c e  o f g i b b e r e l l i n s  A^, A^,
A^, Ag and Ag, and a l s o  to  d e t e c t  a  p o s s ib le  isom er o f 
g i b b e r e l l i n  A^^ (M acM illan e t  ^  1967) #
Sembdner e t  aJ. (1964) e x t r a c te d  g i b b e r e l l i n s  A^, A^, Ag 
and Ag from  pod and seed  e x t r a c t s  and g i b b e r e l l i n  A^ from  
pod e x t r a c t s .  In  a d d i t io n ,  th e y  found f iv e  g i b b e r e l l i n - l i k e  
s u b s ta n c e s ,  a l l  more p o la r  th a n  g i b b e r e l l i n  A^, one o f w hich  
v/as th o u g h t to  be bound to  c a rb o h y d ra te s  and n in h y  d r  i n ­
p o s i t iv e  compounds. Jo n es  P .P .  (1964) found g i b b e r e l l i n s  A^y 
A^, A^, Ag and Ag, p lu s  two unknown g i b b e r e l l i n  compounds; 
a l th o u g h  p r e s e n t  th ro u g h o u t th e  s e e d , BOfo o f th e  t o t a l  
g i b b e r e l l i n  was c o n c e n tra te d  i n  th e  seed  c o a t .  Jo n es
29
f u r t h e r  made a  com parison  betw een th e  g i b b e r e l l i n  c o n te n t  
o f  se e d s  of d i f f e r e n t  s i z e s  and hence a t  d i f f e r e n t  s ta g e s  
o f m a t u r i t y ,  and found t h a t  t h e r e  was an  a p p a re n t  s e q u e n t i a l  
p ro d u c t io n  of g i b b e r e l l i n s  a s  th e  s e e d  m a tu re d .
In  th e  l i g h t  o f  th e  above work on g i b b e r e l l i n s  o f  
P h a se o lu s  m u l t i f l o r u s  s e e d ,  i t  was th o u g h t  t o  be a  l o g i c a l  
s t e p  to  i n v e s t i g a t e  th e  n a t iv e  g i b b e r e l l i n s  o f  th e  Phase o lu s  
m u l t i f l o r u s  s e e d l i n g .  A lthough  v e g e t a t i v e  p l a n t  o rgans  
c o n ta in  much s m a l le r  q u a n t i t i e s  of g i b b e r e l l i n  th a n  immature 
se e d s  (Knapp 1963), i t  was d e c id e d ,  d e s p i t e  th e  p r a c t i c a l  
d i f f i c u l t i e s  in v o lv e d  a t  l e a s t  to  a t te m p t  to  i d e n t i f y  
c h e m ic a l ly  th e  endogenous s e e d l in g  g i b b e r e l l i n s ,  a s  in f o rm a t io n  
t h a t  can  be o b ta in e d  from a  s p o t  on a  chrom atogram , d e s ig n a te d  
"g i b b e r e l l i n - l i k e  s u b s ta n c e " s o l e l y  on i t s  b io a s s a y  a c t i v i t y ,  
i s  somewhat l i m i t e d .
In  th e  p re v io u s  s e c t i o n  of t h i s  c h a p te r ,  work on 
" g i b b e r e l l i n s  and e t i o l a t i o n "  was d i s c u s s e d  i n  d e t a i l ;  i t  
was on th e  b a s i s  o f much, a l th o u g h  n o t  a l l ,  o f  t h i s  in fo rm a t io n  
t h a t  i t  was d ec id e d  to  examine a l s o  th e  endogenous g i b b e r e l ­
l i n s  o f  e t i o l a t e d  P h a se o lu s  m u l t i f l o r u s  s e e d l i n g s .
IVhile r e a l i s i n g  th e  l i m i t a t i o n s  o f  e x t r a c t i o n  t e c h n iq u e s ,  
m en tioned  e a r l i e r ,  i t  was th o u g h t  l i k e l y  t h a t  d e t a i l s  of 
th e  d i s t r i b u t i o n  o f  th e  endogenous g i b b e r e l l i n s  p r e s e n t  i n  
le a v e s  and buds , s te m s , c o ty le d o n s  and r o o t s  of d a rk -a n d  l i g h t -  
grown p l a n t s  would se rv e  as  a  u s e f u l  p r e l im in a r y  t o ,  a s  w e l l  
a s  s im p l i f y in g  f u r t h e r  more c r i t i c a l  s t u d i e s  on th e  b io s y n -
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t h e s i s  o f g i b b e r e l l i n s  i n  s e e d l in g s  o f P h a se o lu s  m u l t i f l o r u s .
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CHAPTER 2 . MATERIALS AND METHODS
B io a ssa y s
Many g i b b e r e l l i n  b io a s s a y s  have been  d e s c r ib e d ;  th e  
m a j o r i t y  a r e  based  on th e  f a c t  t h a t  w ith  a p p r o p r i a t e  p l a n t  
m a t e r i a l  and s u i t a b l e  c o n d i t i o n s ,  g i b b e r e l l i n s  a r e  c a p a b le  
o f  e i t h e r  p rom oting  sh o o t g row th , r e t a r d i n g  l e a f  sen escen ce  
o r  i n i t i a t i n g  enzyme s y n t h e s i s  i n  e m b ry o - le s s  c e r e a l  g r a i n s .
Ccombe e t  aJ. (1967a ) r e c e n t l y  compared th e  c o n d i t i o n s  and 
p e rfo rm an ce s  of a  wide range  o f  g i b b e r e l l i n  a s s a y s .  B r ia n  
e t  a l  (1962  & 1 9 6 4 ) have p u b l i s h e d  d e t a i l s  o f th e  re s p o n s e s  
o f  a  s e r i e s  of b io a s s a y s  t o  g i b b e r e l l i n s  A^-Ag. No one 
a s s a y  i s  e q u a l ly  s e n s i t i v e  t o  a l l  known g i b b e r e l l i n s ,  so 
i d e a l l y  e x t r a c t s  sh o u ld  be t e s t e d  on s e v e r a l  a s s a y  sy s te m s . 
One l i n e  o f  th o u g h t  en c o u rag es  th e  use  o f  th e  same t i s s u e  or 
o rgan  from w hich e x t r a c t s  were made, f o r  b i o a s s a y .  B e s id e s  
n o t  a lw ays b e in g  p o s s i b l e ,  t h i s  p ro c ed u re  i s  no guarantiee 
t h a t  a l l  g i b b e r e l l i n s  i n  an  e x t r a c t  w i l l  be d e te c te d  by th e  
o n e c a ssa y ,  a s  f r e q u e n t l y  th e  s p e c ie s  e x t r a c t e d  p ro v e s  t o  be 
much l e s s  s e n s i t i v e  a s  a  t e s t  p l a n t ,  th a n  one- of th e  norm al 
a s s a y s  (Radley 1 9 6 4 ) .  However, e i t h e r  l i m i t e d  q u a n t i t i e s  of 
e x t r a c t ,  th e  n o n - r e p r o d u c i b i l i t y  o f  t h e o r e t i c a l l y  s u i t a b l e  
a s s a y s  o r  a  s h o r ta g e  of tim e u s u a l l y  r e s t r i c t s  t e s t s  t o  one 
o r  two a s s a y s .
In  th e  c u r r e n t  i n v e s t i g a t i o n ,  g i b b e r e l l i n - l i k e  a c t i v i t y  
was d e t e c te d  i n  f r a c t i o n s  e l u t e d  from  a  p h o sp h a te  b u f f e r e d
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c e l i t e  column, by b o th  th e  b a r le y  endosperm b io a s s a y  
(N ic h o ls  & P a le g  1963, P a le g  ^  1964, Coombe e t  aJ. 196?)
and th e  l e t t u c e  b io a s s a y  (F ran k lan d  & W areing I9 6 0 ,  P a le g  e t  
a l  1 964), w h ile  on ly  th e  b a r l e y  endosperm b io a s s a y  was used  
t o  i n v e s t i g a t e  e l u a t e s  from t h i n - l a y e r  ch rom atogram s. P la n t  
e x t r a c t s  and s ta n d a r d  g i b b e r e l l i n s  t o  be b io a s s a y e d  v/ere 
d i s s o lv e d  i n  d i s t i l l e d  w a te r  c o n ta in in g  0#05^ "Tween 20"
(p 0 l y  oxye th y le n e  s orb i t a n  m o n o la u ra te ) .
L e t tu c e  B io assay
The a s s a y  i s  based  on th e  f a c t  t h a t  i n c r e a s in g  concen­
t r a t i o n s  of g i b b e r e l l i n  i n c r e a s i n g l y  s t im u la t e  th e  grow th 
of l e t t u c e  h y p o c o ty ls  and to  a  l e s s e r  e x t e n t  r a d i c l e s .  The 
lo w er l i m i t  o f  s e n s i t i v i t y  o f  th e  l e t t u c e  b io a s s a y  was found 
t o  be a p p ro x im a te ly  10 g g i b b e r e l l i c  a c id  p e r  m l.  T ab le  I  
i s  a  t y p i c a l  d o se r  re sp o n se  o f  th e  l e t t u c e  h y p o c o ty l  t o  
i n c r e a s in g  c o n c e n t r a t io n s  o f  g i b b e r e l l i c  a c i d .
T ab le  I . Response o f l e t t u c e  h y p o c o ty ls  t o  s ta n d a r d  
c o n c e n t r a t io n s  o f  g i b b e r e l l i c  a c i d .
Gonc^' A j /m l .
Length  o f h y p o c o ty l  
+S.D . ( i n  nuns).
C o n tro l  
10“^gni 
10” '^  gm 
10“’° gm 
10“ ^ gm
4 ‘ 21 t  0 .2 4
5 .7 1  -  0*21
9 .5 3  ± 0 .6 4  
1 9 ,5 9  t  1 ,2 8  
2 5 -8 8  i  1 .2 4
S .B . = s ta n d a r d  d e v i a t i o n
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B r ia n  e;t a2  (1962) have shown t h a t  g i b b e r e l l i n s  A^-Ag can 
be a r ra n g e d  i n  th e  fo l lo w in g  o r d e r ,  a c c o rd in g  t o  t h e i r  
a b i l i t y  t o  s t i m u l a t e  l e t t u c e  h y p o c o ty l  g row th:
G i b b e r e l l i n  A,^  >  A^ >  A^ = Ag > A^ = A^ = Ag >  Ag )> Ag
R e l a t i v e  A c t i v i t y  200 100  33 4 1  in a c t iv e
P a le g  e t  aJ. (1964) have more o r  l e s s  con f irm ed  t h i s  d a t a  and 
a t  th e  same tim e  shown t h a t  t h e  o rd e r  o f  a c t i v i t y  f o r  r a d i c l e  
e x te n s io n  grow th i s  n o t  th e  same a s  t h a t  of th e  h y p o c o ty l .  
A l lo g ib b e r i c  a c id  and g i b b e r e l l i n  Ag a r e  th e  m ost a c t i v e  i n  
s t i m u l a t i n g  r o o t  g row th , w h ile  g i b b e r e l l i n s  A^ Ag, A^, Ag & Ag 
a re  a l l  i n t e r m e d ia te  i n  re sp o n s e  and Ag i s  a g a in  i n a c t i v e .
Method
The te c h n iq u e  used  was b ased  on th e  method of F ra n k la n d  & 
W areing ( i9 6 0 ) .  L e t tu c e  s e e d ,  c v . A r c t i c  King was p la c e d  on 
damp f i l t e r  p a p e r ,  i n  a  t h r e e - i n c h  g l a s s  P e t r i  d i s h  and s to r e d  
i n  d a r lm e ss  a t  25^0 f o r  36 h o u r s .  A f t e r  t h i s  t im e ,  g roups  o f  
t e n  se e d lin g s  a t  a  un ifo rm  s ta g e  of g e rm in a t io n  were p la c e d  in  
s i m i l a r  P e t r i  d i s h e s  c o n ta in in g  f i l t e r  p ap e r  dampened w i th  
3 m l. o f  t e s t  s o l u t i o n i l u s  0*1  m l. of c o n c e n t r a te d  n u t r i e n t  
s o l u t i o n  (C la rk  1 9 2 6 ). A f t e r  i n c u b a t io n  a t  25^0 f o r  t h r e e  
days i n  a  16 -ho u r p h o to p e r io d ,  th e  l e n g th s  o f t h e  h y p o c o ty ls  
and r a d i c l e s  were m easu red . With each  b io a s s a y ,  s e v e r a l  
c o n t r o l  d i s h e s  were n o rm a lly  in c lu d e d ,  a lo n g  w i th  d i s h e s  
c o n ta in in g  known c o n c e n t r a t io n s  o f  g i b b e r e l l i c  a c i d .  The 
mean v a lu e s  p e r  d i s h  were c a l c u l a t e d  i n  m i l l i m e t r e s  and th e  
l e n g th  o f  b o th  h y p o c o ty ls  and r a d i c l e s  e x p re s s e d  a s  a  p e rc e n ta g e
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of th e  grov/th o f c o n t ro l s #
Mean h y p o c o ty l  or r a d i c l e  l e n g th  above th e  0 .05  p ro b a ­
b i l i t y  l e v e l  was re g a rd e d  a s  s i g n i f i c a n t  s t i m u l a t i o n .  In  
most ex p e r im e n ts  e x t r a c t s  were b io a s s a y e d  tw ic e  a t  f i f t e e n -  
and f o r t y f i v e - f o l d  d i l u t i o n s ,  and th e  r e s u l t s  p l o t t e d  on 
h i s to g ra m s ,  each  f r a c t i o n  r e p r e s e n te d  by one d i s h  of t e n  
s e e d l in g s  and s i g n i f i c a n t  a r e a s  f i l l e d  i n  b l a c k .  B io a s s a y s  
o f e x t r a c t s  p roduced  g r e a t e r  v a r i a t i o n  th a n  c o n t r o l s ,  so 
c a u t io n  shou ld  be e x e r c i s e d  b e fo re  c o n c lu d in g  t h a t  s l i g h t l y  
s i g n i f i c a n t  r e s p o n s e s  a r e  th e  r e s u l t  o f  g i b b e r e l l i n - i n d u c e d  
g row th , e s p e c i a l l y  a s  C arr  e t  aJ. (1964) have r e p o r t e d  t h a t  
th e  l e t t u c e  a s s a y  re sp o n d s  to  amino a c id s  and m in e ra l  
n u t r i e n t s .
B a r le y  Endosperm B io a ssa y
The b a r l e y  endosperm  b io a s s a y  i s  based  on th e  r e l e a s e  o f  
r e d u c in g  s u g a rs  (N ic h o ls  & P a le g  1963) and p r o t e i n  n i t r o g e n  
(P a le g  a t  aJ. 1964) from em b ry o - le s s  b a r l e y  se e d s  i n  re sp o n se  
t o  g i b b e r e l l i n .  The r e l e a s e  o f  th e  r e d u c in g  s u g a rs  depends 
on th e  g i b b e r e l l i n - i n d u c e d  r e l e a s e  o f  Ac-amylase and o th e r  
enzymes from th e  a,leurone l a y e r  i n t o  th e  s t a r c h y  endosperm . 
The r e s u l t  i s  t h a t  s t a r c h  i s  h y d ro ly se d  and a p p e a rs  i n  th e  
am bien t s o l u t i o n  a s  r e d u c in g  su g a r  i n  amounts p r o p o r t i o n a l  
t o  th e  a p p l ie d  c o n c e n t r a t i o n  o f  g i b b e r e l l i n .
Coombe e t  ^  (196?) r e c e n t l y  p u b l i s h e d  a  p a p e r  g iv in g  
d e t a i l s  o f  th e  p a ra m e te rs  o f th e  re s p o n s e  o f  b a r l e y  endosperm
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t o  g i b b e r e l l i n  and s e t t i n g  ou t p ro c e d u re s  f o r  th e  r a p id  
h a n d l in g  and p r o c e s s in g  of up t o  s e v e r a l  hundred  t r e a tm e n t s ,  
w i th o u t  l o s s  o f  s e n s i t i v i t y .  In  th e  p r e s e n t  i n v e s t i g a t i o n  
th e  s e n s i t i v i t y  v a r i e d  from one a s sa y  t o  th e  n e x t ,  depend ing  
upon unlcnown f a c t o r s ,  and age and v a r i e t y  o f  seed  and th e  
p u r i t y  o f  e x t r a c t s .  B r ig g s  ( 1 9 6 6 ) r e p o r t s  t h a t  e t h y l  a c e t a t e  
r e s i d u e s  a r e  a c t i v e  i n  th e  b a r l e y  endosperm a s s a y ,  Coombe 
e t  g l  ( 1967a )  s u g g e s t  t h a t  t h i s  re s p o n s e  i s  a s s o c i a t e d  w i th  
s to r a g e  o f  e t h y l  a c e t a t e  o v er sodium s u l p h a t e .  R educing  
su g a r  e s t im a te s  were u s u a l l y  s e n s i t i v e  t o  a p p ro x im a te ly  
10"^g  g i b b e r e l l i c  a c id  p e r  m l, w h ile  p r o t e i n  n i t r o g e n  
e s t im a te s  ap p e a red  t o  be s l i g h t l y  l e s s  s e n s i t i v e .  Three 
v a r i e t i e s  o f b a r le y  were used  d u r in g  th e  c o u rse  o f th e  
i n v e s t i g a t i o n  and a  t y p i c a l  r e d u c in g  su g a r  re sp o n se  t o  dose  
can  be se e n  below i n  T ab le  I I .
T ab le  I I . yag o f re d u c in g  s u g a r  p roduced  by th e  endosperm o f  
t h r e e  v a r i e t i e s  o f  b a r l e y ,  in c u b a te d  i n  s ta n d a r d  
c o n c e n t r a t i o n s  o f  g i b b e r e l l i c  a c id  a t  3 0 ^C.
P e r io d
o f
I n c u b .
C o n c 'n .  g i b b e r e l l i c  a c id  {g/ml)
V a r ie ty C o n tro l 10"^ ° i o “ 5 1 0 "® 10-7 1 0 "®
G raupenkorn 
S a g a ta i ry u  N o.2 
Cambrinus
24 h r  

















5 ,0 8 2
1 2 ,2 5 6
2 5 ,0 0 6
P a le g  e t  a2  (1964) u s in g  a  s e r i e s  o f  d i l u t i o n s  r e p o r t e d  t h a t  
th e  b a r l e y  endosperm a s s a y  i s  m ost s e n s i t i v e  t o  g i b b e r e l l i n s
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■^ 1 and Ag, w ith  A^ only  s l i g h t l y  l e s s  a c t i v e ,  Ag and Ag have 
low er l e v e l s  o f  a c t i v i t y ,  w h ile  g i b b e r e l l i n s  Ag and Ag were 
c o n s id e re d  i n a c t i v e .  G r i f f i t h  e t  a l  (1964) w orking  a t  a  
c o n c e n t r a t i o n  o f 5 x  10""^  g /m l,  d e m o n s tra te d  an a lm o s t  
s i m i l a r  re sp o n s e  p a t t e r n  and a l s o  t h a t  th e  a c t i v i t y  o f  
g i b b e r e l l i n  Arj i s  o f  th e  same o rd e r  a s  A^, Ag and A^.
Method
Two husked  v a r i e t i e s  o f  b a r l e y ,  G raupenkorn and S a g a ta i ry u  
N o.2 (b o th  k in d ly  d o n a ted  by Dr E .M .J .  K irb y , P l a n t  B ree d in g  
I n s t i t u t e ,  C am bridge), and one husked  v a r i e t y ,  Cambrinus 
(p u rc h ased  from B. F inney  & Sons, 94 G ra in g e r  S t r e e t ,
N ew castle  upon Tyne l )  were used  d u r in g  th e  co u rse  o f  th e  
inve  s t  i g a t  i o n .
Cambrinus was dehusked and s t e r i l i s e d  by so ak in g  i n  
50^  s u lp h u r ic  a c id  f o r  2 h o u r s ,  th e  seed s  were th e n  washed 
th o ro u g h ly  w ith  d i s t i l l e d  w a te r  p r i o r  t o  b e in g  c u t  t r a n s ­
v e r s e l y  4 mm from th e  d i s t a l  t i p .  H u sk ie ss  v a r i e t i e s  were 
s t e r i l i s e d  i n  50^  e th a n o l  f o r  two m in u te s  b e f o re  c u t t i n g .
A f t e r  c u t t i n g ,  th e  endosperm p ie c e s  were w eighed i n  g roup s  
o f 8 and p la c e d  in  2- i n  P e t r i  d i s h e s ,  each  c o n ta in in g  2 .5  ml 
of e x t r a c t  p lu s  0 . 5ml of s t r e p to m y c in  s u lp h a te  ( l  mg/ml) and 
in c u b a te d  f o r  24-40 h o u rs  a t  30^-33^0 . E x t r a c t s  were 
b io a s s a y e d  i n  t r i p l i c a t e ,  and in c lu d e d  i n  each  t e s t  were t e n  
c o n t r o l s  and a  range  o f  known c o n c e n t r a t i o n s  o f  g i b b e r e l l i c  
a c i d .  I f  n e c e s s a r y ,  a f t e r  i n c u b a t io n  th e  d i s h e s  were s to r e d
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i n  a  f r e e z e r  and f r o z e n  u n t i l  a  c o n v e n ie n t  tim e f o r  p r o t e i n  
n i t r o g e n  and re d u c in g  s u g a r  d e te r m in a t io n s  t o  be c a r r i e d  out# 
For a s s a y s  u s in g  e i t h e r  Graupenkorn o r  S a g a ta i r y u  No#2,
2 ml of th e  in c u b a t in g  s o l u t i o n  was p i p e t t e d  i n t o  a  3 " x  1 " 
v i a l  and a  few grams o f  A m b erli te  r e s i n  (lR -120/H ’^ ) was 
added and th e  s o l u t i o n  made up to  4 ml w i th  d i s t i l l e d  w ate r#  
From th e  4 ml a  1 ml a l i q u o t  was removed and used  f o r  a  
p r o t e i n  n i t r o g e n  d e te r m in a t io n  and th e  re m a in in g  3 ml was 
made up to  15 ml w ith  d i s t i l l e d  w a te r ,  and an  0 .5  ml sample 
u sed  f o r  a  r e d u c in g  su g a r  e s t i m a t io n .  Cambrinus produced  
g r e a t e r  q u a n t i t i e s  o f p r o t e i n  n i t r o g e n  and r e d u c in g  s u g a r ,  so 
th e  2 ml o f am bien t s o l u t i o n  was mixed w i th  A m b er li te  r e s i n  a s  
b e f o r e ,  and th e  s o l u t i o n  was th e n  made up t o  20 ml w ith  d i s ­
t i l l e d  w a te r ,  and b o th  p r o t e i n  n i t r o g e n  and r e d u c in g  su g a r  
e s t im a t io n s  made a t  t h i s  d i l u t i o n #  T e s t  s o l u t i o n s  c o n ta in in g  
l a r g e  q u a n t i t i e s  of p r o t e i n  and r e d u c in g  s u g a r  were f u r t h e r  
d i l u t e d  to  g e t  onto  th e  r e l a t i v e l y  l i n e a r  p a r t  o f th e  
r e s p e c t i v e  c a l i b r a t i o n  c u rv e s  (se e  below and F i g s .  4 and 5)# 
P r o t e i n  N itro g e n  E s t im a t io n
The method used  was t h a t  of Lowery e t  aJ. (1951) •
The fo l lo w in g  r e a g e n t s  were made up:
R eagent A. 2)& Na^COg i n  O.llT NaOE
R eagent B. 0 .5 ^  CuS0 ^ . 7H20 i n  1?^  p o ta ss iu m  t a r t r a t e  
R eagent C. 1 ml o f  B p lu s  50 ml of A 
R eagent L . F o l in  C i o c a l t e u  R eagent d i l u t e d  1 :1  w i th  










Lowery prote in  e s t i m a t io n :75-





5 ml of s o l u t i o n  C was added t o  1 ml of t e s t  s o l u t i o n  in  
a  150  X 12  mm t e s t  tu b e ,  shaken  and a llo w ed  t o  s ta n d  f o r  t e n  
m in u te s  b e fo re  ad d in g  0 ,5m l o f  s o l u t i o n  D, The m ix tu re  was 
a g a in  shaken  and s to o d  f o r  30 m in u te s  b e fo re  b e in g  re a d  i n  a  
s p e c tro p h o to m e te r  a t  e i t h e r  550  lyu o r  750  nytv f o r  s o l u t i o n s  
c o n ta in in g  l e s s  th e n  1 0 0 ^  o f p r o t e i n  n i t r o g e n .  S tan d a rd  
bov ine  serum s o l u t io n s  were m easured  w i th  e a c h  a s sa y  and a  
c o n c e n t r a t i o n : t r a n s m is s i o n  p l o t  i n v a r i a b l y  gave a  s lo p e  
s i m i l a r  t o  P i g . 4 , from w hich i t  i s  p o s s ib l e  t o  c a l c u l a t e  th e  
p r o t e i n  n i t r o g e n  i n  each  d i s h .
R educing Sugar E s t im a t io n
The method used  was t h a t  o f  Somogyi (1 9 5 2 ) .  O.5  ml o f
th e  d i l u t e d  in c u b a n t  was p i p e t t e d  i n t o  a  I 50 x  12 mm t e s t  
tu b e  and 1 ml of copper r e a g e n t  added . M arb le s  were p la c e d  
over each  tu b e  and th e  tu b e s  were p la c e d  i n  a  v ig o r o u s ly  
b o i l i n g  w a te r  b a th  f o r  20 m in u te s ,  fo l lo w e d  by 5 m in u te s  i n  a
c o ld  w a te r  b a t h .  Glucose s ta n d a r d s  were a s s a y e d  w i th  each  
b o i l .  1 ml of a rsen o m o ly b d a te  r e a g e n t  was added and th e  
tu b e  shaken  u n t i l  th e  c o lo u r  had f u l l y  d e v e lo p e d .  The 
s o l u t i o n  was t h e n  made up to  10  ml w ith  d i s t i l l e d  w a te r  and 
re a d  i n  s p e c tro p h o to m e te r  a t  560  lyc, ze roed  on a  b la n k  r e a g e n t .  
G lucose s ta n d a r d s  gave a  c o n e e n t r a t i o n : t r a n s m i s e io n  p l o t  
s i m i l a r  t o  P i g .  5, from which i t  was p o s s ib l e  t o  c a l c u l a t e  th e
w e ig h t o f  r e d u c in g  su g a r  p roduced  i n  each  d i s h .
E x t r a c t s  were i n i t i a l l y  t e s t e d  f o r  p r o t e i n  n i t r o g e n  and 












S o m o g y i  reducing sugar  e s t i m a t i o n :75-
s t a n d a r d  c o n c e n t r a t i o n  c u r v e .
100
100 250
ug.  G l u c o s e ,
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were i n  s h o r t  su p p ly  and such  t e s t s  i n v a r i a b l y  p roved  n e g a t iv e  
th e  p r a c t i c e  was d i s c o n t in u e d .  However, a s  b o th  th e  p r o t e i n  
n i t r o g e n  and re d u c in g  su g a r  c o n te n t  was e s t im a te d  i n  t e s t  
s o l u t i o n s  a f t e r  i n c u b a t io n  w ith  endosperm p i e c e s ,  i t  i s  
u n l i k e l y  t h a t  p r o t e i n  o r r e d u c in g  su g a r  i m p u r i t i e s  would be 
m is ta k e n  f o r  g ib b e r e 1 1 i n - s t i m u l a t e d  a c t i v i t y .
Reducing su g a r  and p r o t e i n  v a lu e s  a r e  e x p re s s e d  i n  mg 
produced  p e r  100  mg o f  endosperm , and th e  r e s u l t s  o f  b io ­
a s sa y e d  chrom atogram s a r e  p l o t t e d  as  h i s to g ra m s ,  each  f r a c t i o n  
o r u n i t  r e p r e s e n te d  by t l i r e e  d i s h e s  each  c o n ta in in g  e i g h t  
endosperm p i e c e s .  The r e s u l t s  were no t s t a t i s t i c a l l y  a n a ly se d e  
R eag en ts
Copper R eagent
D is s o lv e  24 g anhydrous HagOO^  ^ and 12 g sodium p o ta ss iu m  
t a r t r a t e  i n  250 ml d i s t i l l e d  w a te r .  D is s o lv e  4 g GuSO^.SH^O 
i n  40  ml d i s t i l l e d  w a te r  and add to  th e  f i r s t  s o l u t i o n  and 
s t i r .  Add and d i s s o lv e  16 g NaHCOj. D is s o lv e  180 g anhyd­
ro u s  Ha2S0^ i n  500  ml d i s t i l l e d  w a te r ;  b o i l  and when c o o l ,  
mix w ith  th e  o th e r  s o l u t i o n .  Make up t o  one l i t r e .  S to re  a t  
3 5 and f i l t e r  a f t e r  3 t o  4 d a y s .
A rsenom olybdate R eagen t 
D is so lv e  25 g ammonium m olybdate  i n  450 ml d i s t i l l e d  w a te r ,  
add 21 ml c o n c e n t r a te d  H^SO^ and m ix . D is s o lv e  3 g sodium 
a r s e n a t e  i n  25 ml d i s t i l l e d  w a te r  and add t o  th e  above s o l u t i o n  
P la c e  s o l u t i o n  i n  a  brown b o t t l e  and s t o r e  a t  37^0 . Use a f t e r  
s t a n d in g  f o r  24 h o u r s .
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Growth o f M a t e r i a l
Seeds of Phase o lu s  m u l t i f l o r u s  'var. P r iz e w in n e r ,  bought from 
M essrs  C a r t e r s  T es te d  Seeds L t d . ,  were soaked i n  a e r a t e d  
ru n n in g  t a p  w a te r  a t  a p p ro x im a te ly  25^C. A f t e r  24 h o u rs  th e  
t u r g i d  see d s  were p la c e d  i n  g l a s s  b r i c k s  betw een s h e e t s  o f 
d ry  f i l t e r  p ap e r  and s to r e d  i n  d a rk n e ss  a t  room te m p e ra tu re  « 
A f t e r  idiree days see d s  w i th  ad e q u a te  r a d i c l e  grow th were 
p la c e d  i n  a e r a t e d  w a te r  c u l t u r e ,  i n  e i t h e r  t o t a l  d a rk n e s s  o r 
a  p h o to p e r io d  o f  16 hours* n a t u r a l  d a y l ig h t  supp lem ented  v ;i th  
a r t i f i c m L  l i g h t  from m ercury  vapou r lam p s . A f t e r  8 days i n  
w a te r  c u l t u r e ,  by which t im e  th e  second in te rn o d e  o f  b o th  
l i g h t -  and  dark -g row n m a t e r i a l  had s t a r t e d  t o  e lo n g a te  and 
th e  p r im ary  l e a v e s  of l ig h t - g ro w n  s e e d l in g s  had u n fo ld e d ,  
th e  s e e d l in g s  were h a r v e s te d  by s e p a r a t i n g  th e  p l a n t s  i n t o  
le a v e s  and a p i c a l  b u d s ,  s te m s , c o ty le d o n s  and r o o t s ;  and th e y  
were s to r e d  i n  a  d e e p - f r e e z e  a t  - 15^0 u n t i l  re ad y  f o r  
e x t r a c t i o n .
With one e x c e p t io n ,  a l l  Phase o lu s  m u l t i f l o r u s  s e e d l in g s  
were grown i n  t h i s  way. The e x c e p t io n  was a  group of s e e d l in g s  
t h a t  was h a r v e s te d  whole and n o t  s p l i t  up i n t o  r o o t s ,  c o ty ­
le d o n s ,  e t c . ; th e s e  were n o t  grown i n  w a te r  c u l t u r e  b u t  i n  
c la y  p o t s  c o n ta in in g  v e r m i c u l i t e .
E x t r a c t i o n
The c h o ic e  o f  an  e x t r a c t i o n  p ro c e d u re  v/as governed  by 
s e v e r a l  f a c t o r s .  Eor p r a c t i c a l  r e a s o n s  i t  was n o t  p o s s ib le  
t o  use  p u r i f i c a t i o n  te c h n iq u e s  t h a t  in v o lv e d  th e  use of
43
e x c e s s iv e ly  l a r g e  volumes o f s o l v e n t s ,  o r  a  s e p a r a t i o n  
p ro c ed u re  t h a t  r e q u i r e d  s c o re s  of f r a c t i o n s  t o  be b io a s s a y e d  
t o  d e t e c t  g i b b e r e l l i n - l i k e  a c t i v i t y .  As i t  was in te n d e d  to  
a t te m p t  t o  i d e n t i f y  th e  endogenous g i b b e r e l l i n s  
o f P h a s e o lu s  s e e d l in g s  c h e m ic a l ly ,  i f  th e y  co u ld  be d e t e c te d  
i n  s u f f i c i e n t  q u a n t i t i e s ,  i t  was n e c e s s a r y ,  w i t h i n  th e  d e f in e d  
l i m i t s ,  t o  p u r i f y  e x t r a c t s  th o ro u g h ly ,  o th e rw ise  ch e m ica l  
d e t e c t i o n  of g i b b e r e l l i n s  cou ld  w e l l  be masked by i m p u r i t i e s .  
A f t e r  due d e l i b r a t i o n ,  i t  was d ec id e d  t h a t  th e  fo l lo w in g  
te c h n iq u e  v/ould b e s t  f u l f i l  th e  n e c e s s a ry  p r e r e q u i s i t e s  ( F i g . 6 ) .
E x t r a c t i o n  o f G i b b e r e l l i n s
F ro zen  t i s s u e  was weighed and m ace ra ted  i n  a  W aring 
b l e n d e r .  The m ace ra te  was e x t r a c t e d  w i th  95^ e th a n o l ,  u s in g
2 l i t r e s  p e r  k i l o  of t i s s u e ,  f o r  24 h o u rs  i n  d a rk n e s s  a t  room 
te m p e ra tu r e ;  th e  e x t r a c t  was t h e n  f i l t e r e d  and th e  t i s s u e  
r e - e x t r a c t e d  f o r  a  f u r t h e r  24 -h o u r  p e r io d ,  u s in g  47 
aqueous e th a n o l .  The e t h a n o l i c  e x t r a c t s  were com bined.
Io n  Exchange Chrom atography
The method i s  e s s e n t i a l l y  t h a t  o f  Jo n es  D .F . (1 9 6 4 ) .  The 
combined e t h a n o l i c  e x t r a c t s  were r e f i l t e r e d ,  th e n  p a sse d  
th ro u g h  a  column o f c a t i o n  exchange r e s i n  (A m b erlite  IR -1 2 0 /h ’^ , 
500  g) a t  a  r a t e  o f  a p p ro x im a te ly  500  m l /h o u r ,  and th e n  
th ro u g h  an  a n io n  exchange column (A m berlite  IRA-400/HG00’", 500g) 
a t  a  s i m i l a r  flow  r a t e .  E l u t io n  o f th e  a n io n  column w i th
3 l i t r e s  of l.OH fo rm ic  a c id  y ie ld e d  th e  a c id  m a t e r i a l  which 
was f u r t h e r  p u r i f i e d  by th e  a d d i t i o n  o f  a  s l i g h t  ex c e ss  o f
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b a s i c  le a d  a c e t a t e  and c e n t r i f u g i n g  down th e  p r e c i p i t a t e  
(R adley  1 9 6 3 ) .  The s o lu b le  a c id s  were removed by a c i d i f i ­
c a t i o n  o f  th e  s u p e r n a ta n t  t o  pH 2 .8  and p a r t i t i o n i n g  t h r e e  
t im e s  w ith  one t h i r d  volume o f e t h y l  a c e t a t e .  The a c i d i c  
e t h y l  a c e t a t e - s o l u b l e  f r a c t i o n  was d r i e d  by f r e e z i n g  o u t th e  
w a te r  and f i l t e r i n g  th ro u g h  a  c h i l l e d  Buchner f u n n e l .  I t  
was th e n  ta k e n  to  d ry n e ss  vacuo p r i o r  t o  f u r t h e r  p u r i f i c a ­
t i o n  and s e p a r a t i o n  o f  th e  e x t r a c t a b l e  g i b b e r e l l i n s  by 
p a r t i t i o n  ch rom âto g r ^ h y .
P a r t i t i o n  chrom atography
P a r t i t i o n  clirom atography was c a r r i e d  ou t on a  b u f f e r e d  
c e l i t e  column; p h ospha te  b u f f e r  was used  a s  th e  s t a t i o n a r y  
p h a se ,  e t h y l  a c e t a t e  a s  th e  moving phase and c e l i t e  535  
se rv e d  a s  a  c a r r i e r  f o r  t h e  b u f f e r .  The method i s  based  on 
th e  te c h n iq u e  o f Kende& Lang (1 9 6 3 ) , who r e p o r t  t h a t  on such 
a  column, g i b b e r e l l i n s  move a c c o rd in g  t o  t h e i r  s o l u b i l i t y  
p r o p e r t i e s  i n  w a te r ,  g i b b e r e l l i n s  w ith  one h y d ro x y l  group 
b e in g  e l u t e d  from th e  co lim n  so o n e r  th a n  g i b b e r e l l i n s  
p o s s e s s in g  two o r  t h r e e  h y d ro x y l  g ro u p s .
An aqueous s l u r r y  of ac id -w ashed  c e l i t e  535 was poured  
in t o  a  g l a s s  column (19  mm I .D . )  and packed u n d e r  re d u ced  
p r e s s u r e  t o  a  h é i ^ t  o f 20 cm. 75 ml of 0.5M p hosph a te  
b u f f e r  (KHgPO^/RaOH) pH 6 .4 ,  was shaken  w i th  150 ml o f 
e t h y l  a c e t a t e ;  b u f f e r  s a t u r a t e d  w i th  e t h y l  a c e t a t e  fo l lo w ed  
by e t h y l  a c e t a t e  s a t u r a t e d  w i th  b u f f e r  were th e n  drawn 
th ro u g h  th e  c e l i t e  colum n. The p u r i f i e d  p l a n t  e x t r a c t
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I Î £ . j6 Flow diagram  showing th e  p ro ced u re  f o r  e x t r a c t i o n  
and s e p a r a t i o n  of g i b b e r e l l i n s  from  P h a se o lu s  
m u l t i f l o r u s  s e e d l in g s
S e e d l in g  t i s s u e ,  e x t r a c t  tw ic e  w i th  
e t h a n o l ,  24 h r  a t  room temp (g l . /k g )
F i l t e r
E th a n p l
1
Column chrom atography
R es id u e
( d i s c a r d )
C a t io n  exchange r e s i n  
(A m b erlite  IR-120 / h'’’) 500 g
Anion exchange r e s i n  
(A m b erlite  IRA-4OO/HGOO") 500 g
R esidue
( d i s c a r d )
E lu te  a n io n  column w i th  
l.OR fo rm ic  a c i d ,  3 l i t r e s
Acid m a t e r i a l :  p u r i f y  w i th  
b a s i c  le a d  a c e t a t e
P r e c i p i t a t e
( d i s c a r d )
S u p e rn a ta n t  
A d ju s t  to  pH 2 .8  
1
P a r t i t i o n  w i th  e t h y l  a c e t a t e
( f r e e z e  out w a te r )
1
C o n c e n tra te  t o  d ry n e ss
Take up i n  a  sm a ll  volume o f  b u f f e r - s a t u r a t e d  e t h y l  
a c e t a t e  & p la c e  on to p  of a  p h o s p h a te -b u f fe r e d  c e l i t e  colum n.
E lu te  f i r s t  w i th
e t h y l  a c e t a t e ,  10
f r a c t i o n s ,  50 ml each  
(F l-F lO )
Then e l u t e  v /i th  ace to n e  
one f r a c t i o n  -  200 ml ( F l l )
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d i s s o lv e d  i n  a  sm a l l  volume o f b u f f e r - s a t u r a t e d  e t h y l  
a c e t a t e  was p i p e t t e d  onto  th e  to p  o f  th e  column, which was 
th e n  deve loped  by p u l l i n g  th ro u g h  500  ml o f  e t h y l  a c e t a t e  #
The e l u a t e  was c o l l e c t e d  a s  t e n  c o n s e c u t iv e  50-m l f r a c t i o n s  
(F I  t o  F IO )• F i n a l l y ,  th e  column was washed th ro u g h  w ith  
200  ml o f  a c e to n e ;  t h i s  c o n s t i t u t e d  th e  e le v e n th  f r a c t i o n .
The e le v e n  f r a c t i o n s  were e v a p o ra te d  to  d ry n e ss  i n  f r o n t  of 
a  f a n .
The m o b i l i t y  o f s ta n d a r d  g i b b e r e l l i n s  on th e  p a r t i t i o n  
column chromatogram was d e te rm in ed  by an e x a m in a tio n  of th e  
f l u o r e s c e n t  s p e c t r a  o f  th e  e le v e n  f r a c t i o n s  i n  an  Aminco 
Bowman S p e c t r o p h o to f lu o r im e te r ,  a c c o rd in g  t o  th e  m ethods o f 
B iso n  ^  ^  (1964) and Jo n es  D .F . ^  a l  (1 9 6 3 ) .  Almost 
i n v a r i a b l y  th e  e l u t i o n  p a t t e r n  was a s  i l l u s t r a t e d  i n  T ab le  I I I .
Table I I I . The e l u t i o n  p a t t e r n  o f s ta n d a r d  g i b b e r e l l i n s  
from a  p h o s p h a te - b u f fe r e d  p a r t i t i o n  column 
chrom atogram .
F r a c t i o n  Ko. G i b b e r e l l i n




Samples of g i b b e r e l l i n s  Ag and Ag were n o t  a v a i l a b l e ,  b u t  
because  o f  t h e i r  r e l a t i v e  p o l a r i t y ,  Ag would p ro b a b ly  be 
e l u t e d  w i th  o r  j u s t  a f t e r  g i b b e r e l l i n  A^^ and A2
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betw een  g i b b e r e l l i n s  and A^.
I n  an  e a r l y  exp e rim en t th e  c e l i t e  column was packed 
d ry  and t h i s  r e s u l t e d  i n  a  q u ic k e r  e l u t i o n  of g i b b e r e l l i n s  
aslO/Xg o f  g i b b e r e l l i c  a c id  mixed w i th  an  e t h a n o l i c  p l a n t  
e x t r a c t  p u t th ro u g h  th e  e x t r a c t i o n  p ro c ed u re  and p a r t i t i o n e d  
on th e  c e l i t e  column, was d e te c te d  by a  l e t t u c e  a s s a y  i n  
f r a c t i o n  8 .
Thin  L ayer Chromatography
A ttem pts  were made t o  i d e n t i f y  th e  e x t r a c t a b l e  e t h y l  
a c e t a t e - s o l u b l e  a c id  g i b b e r e l l i n - l i k e  s u b s ta n c e s  d e t e c te d  on 
p a r t i t i o n  chrom atogram s, by u s in g  th e  t h i n  l a y e r  chrom ato­
g ra p h ic  t e c h n iq u e s  o f  M acM illan & S u te r  (1963) and Kagawa 
e t  a l  (1963)•
F r a c t io n s  from p a r t i t i o n  column chrom atogram s c o n ta in in g  
g i b b e r e l l i n - l i k e  a c t i v i t y  were d i s s o lv e d  i n  0 .5  ml of 50^  
aqueous e th a n o l  and rech ro m ato g rap h ed  on a c t i v a t e d  0 .2 5  mm 
l a y e r s  o f  s i l i c a  g e l  G or k i e s e lg u h r  G, u s in g  v a r io u s  
c o m b in a tio n s  of the  s o lv e n t  system s l i s t e d  i n  Table  17 .
T able  17 . Thin  l a y e r  chrom atography  s o lv e n t  s y s te m s .
Humber S o lv e n t  system
1 D i- i s o p r o p y l  e t h e r / a c e t i c  a c id  (95 : 5)
2 Carbon t e t r a c h l o r i d e / a c e t i c  a c id / w a te r  (8  : 3 : 5 ) ,  
low er phase  p lu s  10 /  e t h y l  a c e t a t e ,  e q u l i b r i a t e  i n  
u p p e r  phase  f o r  36 h o u r s .
3 B e n z e n e /n -b u ta n o l /a c e t i c  a c id  (80 : 15 : 5)
48
T able  IT . (c o n tin u e d )
Dumber S o lv e n t  system
4 B e n z e n e /n - b u ta n o l / a c e t i c  a c id  (80 : 20 : 5 )
5 B e n z e n e /n - b u ta n o l / a c e t i c  a c id  (75 : 20 : 5)
6 Carbon t e t r a c h l o r i d e / a c e t i c  a c id /w a te r  (8  : 3 : 5 ) ,  
low er phase p lu s  20ÿG e t h y l  a c e t a t e ,  e q u i l i b r i a t e  
i n  u pper phase  f o r  36 h o u r s .
S o lv e n ts  1-5 were ru n  on s i l i c a  g e l  G and s o lv e n t  system  6 
on k i e s e l g u h r  G. S o lv en t  system  1: M acM illan & S u te r  (19 6 3 );  
S o lv en t  system s 2, 3, 4 , 5 and 6 : Kagawa e t  a l  (1 9 6 3 ) .
D eveloped chrom atogram s v/ere a i r - d r i e d ,  th e  s i l i c a  g e l  G 
o r k i e s e lg u h r  G was sc ra p e d  o f f  th e  p l a t e s  i n  zones c o r r e s ­
ponding to  G . l  Rf u n i t s  and each  zone e l u t e d  tw ic e  w i th  5 ml 
o f  wet e t h y l  a c e t a t e  and once w i th  5 ml o f  m ethano l (Z e e v a a r t  
1 9 6 6 ) .  The e l u a t e s  were e v a p o ra te d  to  d ry n e ss  and d i s s o lv e d  
i n  0 .0 5 ^  Tween 20 s o l u t i o n  b e f o re  b e in g  t e s t e d  w i th  th e  b a r le y  
endosperm a s s a y  f o r  g i b b e r e l l i n - l i k e  a c t i v i t y .  I n  e a r l y  
ex p e r im e n ts  th e  s i l i c a  g e l  G zones  were shaken  w i th  0 .0 5 ^  
Tween 20 s o l u t i o n  and th e  s u s p e n s io n  b io a s s a y e d .  Hov/ever, 
a s  th e  r e s u l t s  were v e ry  v a r i a b l e  and th e  p re se n c e  of s i l i c a  
g e l  G i n  th e  medium caused  in c r e a s e d  b a c t e r i a l  c o n ta m in a t io n  
and i n h i b i t e d  p r o t e i n  and r e d u c in g  su g a r  p ro d u c t io n  ( F ig s .  18, 
19 and 2 0 ) ,  t h e  p r a c t i c e  was d i s c o n t in u e d .
The m o b i l i t y  of th e  g i b b e r e l l i n s  v a r i e d  from p l a t e  t o  
p l a t e ,  so f o r  r e f e r e n c e  p u rp o s e s ,  s t a n d a r d s  were ru n  a lo n g s id e
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e x t r a c t s  on th e  same chromatogram* A f te r  s c r a p in g  o f f  
th e  chrom atographed  e x t r a c t s ,  p l a t e s  were sp ray ed  w ith  
e th a n o l / c o n c e n t r a t e d  H^SO^ ( 9 5 : 5 ) and h e a te d  a t  1 2 0 ^0 . 
S tan d a rd  g i b h e r e l l i n s  a p p e a r  a t  th e  a p p r o p r i a t e  Rf a s  
f l u o r e s c e n t  s p o t s  v i s i b l e  u n d e r  UV l i g h t  a s  s t a t e d  in  T ab le  
V (M acM illan & S u te r  1965, Jo n es  D .P . e t  ^  1963)•
T ab le  V. E f f e c t j o f  h e a t  on th e  in d u c t io n  o f  f l u o r e s c e n t
s p o t s  of g i b h e r e l l i n s  on t h i n  l a y e r  chrom atogram s, 
a f t e r  s p ra y in g  w ith  e th a n o l /H 2B0 ^ ( 9 5 :5 ) .  (Jo nes  
E .E .  e t  a l  1963)
G i b b e r e l l i n
F lu o re sc e n c e  in d u c t io n  
p e r io d  i n  m in u te s  a t  120°G
1
C olour of sp o t
4
3 0 -4 0 Blue
Ag; 4-8 P u rp le
A3 1-3 G reen -b lu e
4  • 4 -8 P urp le .
10-20 Blue
^6 10-20 Blue
1 -2 B r ig h t  y e llo w
10-20 Blue
4
4-8 P u rp le
S e v e ra l  u n s u c c e s s fu l  a t t e m p ts  were made t o  d e t e c t  s i m i l a r  
e th a n 0l / H gSO ^-heat- induced  f l u o r e s c e n t  s ÿ o t s  on t h i n  l a y e r  
chrom atogram s o f  p l a n t  e x t r a c t s .  As f l u o r e s c e n t  c o n ta m in a t io n
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on th e  chromatogram  was u s u a l l y  l i m i t e d  to  th e  p o in t  o f 
o r i g i n ,  th e  most p ro b a b le  e x p la n a t io n  i s  t h a t  t h e  e x t r a c t s  
d id  no t c o n ta in  s u f f i c i e n t l y  l a r g e  q u a n t i t i e s  of g i b b e r e l l i n  
t o  p e rm it  v i s u a l  i d e n t i f i c a t i o n *  I f  f l u o r e s c e n t  s p o t s  c o u ld  
have been  d e te c te d  i n  a r e a s  of chromatogram c o r re sp o n d in g  t o  
b i o l o g i c a l  a c t i v i t y ,  th e y  co u ld  have been e l u t e d  and th e  
f lu o r e s c e n c e  a c t i v a t i o n  and em iss io n  s p e c t r a  exaq;iined by th e  
m ethods o f  E ls  on e;t a2 (1964) and Jo n es  D*E* e t  a2 (1 9 6 3 ) .  
T h is  d a t a , i n c o r p o r a t e d  w ith  th e  b io a s s a y  a c t i v i t i e s  and 
m o b i l i t i e s  on p a r t i t i o n  column, and p a r t i t i o n  and a d s o r p t io n  
t h i n  l a y e r  chrom atogram s,w ould  have been  in v a lu a b le  i n  
c h a r a c t e r i s i n g  th e  e x t r a c t a b l e  e t h y l  a c e t a t e - s o l u b l e  a c id  
g i b h e r e l l i n s  o f  Pha s e o lu s  m u l t i f l o r u s  s e e d l in g s *
51
CHAPTER 3 . RESimrS
P r e s e n t a t i o n  of R e s u l t s ; G en era l d e s c r i p t i o n
The r e s u l t s  of th e  b a r le y  endosperm and l e t t u c e  a s s a y s  
on p a r t i t i o n  column chrom atogram s of th e  a c id  f r a c t i o n  
e x t r a c t e d  from whole l ig h t-g ro v /n  s e e d l i n g s ,  l e a v e s  and b u ds , 
s tem s , c o ty le d o n s  and r o o t s  of l i g h t -  and dark-grovm  
P h a se o lu s  m u l t i f l o r u s  s e e d l in g s  a re  p r e s e n te d  i n  th e
fo l lo w in g  p a g e s ,  a s  h is to g ra m s  (P ig .  7 - 1 6 a ) • No l e t t u c e
a s s a y  d a t a  i s  p r e s e n te d  f o r  th e  whole l ig h t - g ro w n  s e e d l in g  
e x t r a c t  ( P i g . 7) b ecau se  a t  th e  u s u a l  f i f t e e n  and f o r t y f i v e ­
f o ld  d i l u t i o n s  a l l  e le v e n  f r a c t i o n s  were t o x i c  t o  l e t t u c e  
s e e d l in g  grov/th . I t  h a s  a l r e a d y  been  p o in te d  out i n  
’M a t e r i a l s  and M ethods’ t h a t  t h i s  e x t r a c t  v/as a l s o  s e p a ra te d  
on a  d ry  packed c e l i t e  column which r e s u l t e d  i n  a  more r a p id  
e l u t i o n  o f g i b h e r e l l i n s  th a n  th e  s t a n d a r d  p ro c e d u re .  There 
a re  no l e t t u c e  b io a s s a y  r e s u l t s  f o r  th e  f i r s t  o f th e  two
e t i o l a t e d  l e a f  e x t r a c t s  ( P ig .  1 2 ) .
S e v e ra l  of th e  f r a c t i o n s  from th e  p a r t i t i o n  column 
chromatogram t h a t  c o n ta in e d  g ib b e r e 11 i n - 1 ik e  a c t i v i t y  were 
rech rom ato g rap h ed  on t h i n  l a y e r  chrom atogram s w ith  a  rang e  
o f s o lv e n t  sy s te m s . The b a r l e y  endosperm a s s a y  was used  t o  
d e t e c t  g i b b e r e l l i n - l i k e  a c t i v i t y  i n  e l u a t e s  from th e  t h i n  
l a y e r  chrom atogram s, and th e  r e s u l t s  o f th e s e  a s s a y s  a re  
p r e s e n te d  i n  P i g s .  17-55#
The r e s u l t s  o f  a l l  th e  a s s a y s  on p l a n t  e x t r a c t s  a r e  























1 ' 2 ' 3 ' 4 ' 5 ' 6 ' 7 ' 8 ' 9 ' l O H
Fraction . Number
Barley endosperm bioassay of a partition cliromatorram of 





















2 ' 3 ‘ 4 ' 5 ' 6 ' 7 ' 8 ' 9 ‘ 1 0 ' n








Barley endosperm bioassay of a partition chromatogram of
the acid fraction extracted from 500gm of leaves and apical
buds, from 700 light grown Phaseolus multiflorus seedlings.
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Fig,Ca Lettuce bioassay of a partition chromato£rram of the acid 
fraction extracted fron ^OOgm of leaves and apical buds, 



















Fraction  Number .
Barley endocperm bioassay of a partition chromatogram of
the acid fraction extracted from lOOOgra of stems, from











I— I— I— I— I— I— I— I— I— I— I— I





T 1—r T T T T T T T T










I 1  I— I— I— I— I— I— I— I— I— I
1 2 3 4 5 6 7 8 9  10 11
FRACTION NUMBER.
F i/? ,9a L ettu ce  b ioasB ay  o f  a p a r t i t io n  chromatogram o f  th e  a c id  
f r a c t io n  e x tr a c te d  from lOOOgm o f  stem s^ from JQO l i g h t  



























Fig.lO Barley endosperm bioassay of a partition chromatogram
of the acid fraction extracted from 2000gm of cotyledons,
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Fig.lOa Lettuce "bioassay of a partition chromatocram of the acid
fraction extracted from 2000cm of cotyledons, from 1000
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Fifr.ll Barley endosperm bioassay of a partition chromatogram
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Fig.11a Lettuce bioassay of a partition chromatogram of the acid
fraction extracted from ly^Ogm of roots, from 1000 light


















F i g ,12 B arley  endosperm b io a ssa y  o f  a p a r t i t io n  chromatogram
o f  th e  a c id  f r a c t io n  e x tr a c te d  from ITOgm o f  le a v e s  and 
a p ic a l  b ud s, from 65O e t io la t e d  P h a seo lu s m u lt i f lo r u s  
s e e d l in g s ,  '
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B arley  endosperm b io a ssa y  o f  a p a r t i t io n  chromatogram 
o f  the a c id  fr a c t io n  e x tr a c te d  from 760gm o f  le a v e s  and 
a p ic a l buds, from 3000 e t io la t e d  P h aseo lus m u lt if lo r u s  
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14 Barley endosperm bioassay of a partition chromatogram
of the acid fraction extracted from 3750f:m of stems, from
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Fift, 14a. Lettuce bioansay of a partition chrciuato^ram of the acid
fraction extracted from 375^^^ of g terns, from 125^ ' etiolated
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Barley endosperm bioassay of a partition chromatogram
of the acid fraction extracted from l660gm of cotyledons,
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Fig»l6 Barley endosperm "bioassay of a partition chromatogram
of the acid fraction extracted from 700gm of roots, from
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PifT .lôa L ettu ce  b io a sc a y  o f  a p a r t i t io n  chromatogram o f  the a c id
f r a c t io n  e x tr a c te d  from JOOgm o f  r o o t s ,  from 65O e t io la t e d  
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Barley endosperm bioassay of fraction 11 from a partition 
chromato^am of the acid fraction extracted from leaves 
and apical buds of light grown Phaseolus multiflorus seedlings 
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Fig. 18 Barley endosperm bioassay of fractions 4,5,6,7 and 8 from 
a partition chromatogram of the acid fraction extracted 
from cotyledons of light grown Phaseolus multiflorus seedlings 
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Barley endosperm bioassay of fractions 4,5,6 ,7 and 8 from
a partition chromatogram of the acid fraction extracted
from cotyledons of light grown Phaseolus multiflorus seedlings
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Fig.20 Bar]ey endosperm bioassay of fractions 2,3,4 and 5 from 
a partition chrcrnatogram of the acid fraction extracted 
from roots of light grown Phaseolus multiflorus seedlings 
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Pir.21 Barley endosperm bicassay of fractions 2,3,4 and 5 from 
a partition chrom&toçram of the acid fraction extracted 
from roots of light grown Phaseolus multiflorus seedlings 
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Fi g.22 Barley endosperm bioassay of fractions 2,3,4 and 5 from 
a partition chromatogram of the acid fraction extracted 
from roots of light grovm Phaseolus multiflorus seedlings 












































Fi g.23 Parley endosperm bioassay of fractions 5,6,7 and 8 from 
a partition chromatogram of the acid fraction extracted 
from leaves and apical buds of etiolated Phaseolus multiflorus 
seedlings (Fig.13),following thin layer chromatography 
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P iK .24 B arley  endosperm b io a ssa y  o f  f r a c t io n  4 from a p a r t i t io n  
chromatogram o f  th e  a c id  f r a c t io n  e x tr a c te d  from stem s 
o f  e t io l a t e d  P h aseo lu s m u lt i f lo r u s  s e e d l in g s  (F ig * 1 4 ) ,  
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F if:,2 5  B arley  endosperm b io a ssa y  o f  f r a c t io n  4 from a p a r t i t io n  
chromatogram o f  th e  a c id  f r a c t io n  e x tr a c te d  from stem s 
o f  e t io l a t e d  P h aseo lu s m u lt i f lo r u s  s e e d l in g s  ( F i g .1 4 ) ,  























h - I A 9
_l-----------L







0.2 0.4 0.6 0.8 1.0
Rf.
F ig .2 6  B arley  endosperm b io a ssa y  o f  f r a c t io n  4 from a p a r t i t io n  
chromatogram o f  th e  a c id  f r a c t io n  e x tr a c te d  from stem s 
o f  e t io la t e d  P h aseo lu s m u lt i f lo r u s  s e e d l in g s  ( P i g .1 4 ) ,  
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Fiç . 27 Barley endocperifl bioassay of fraction 4 from a partition 
chromatogram of the acid fraction extracted from stems 
of etiolated Phaseolus multiflorus seedlings (Fig.l4), 









































Pig. 28 Barley endosperm bioassay of fractions 6,7,8 and 9 from 
a partition chromatogram of the acid fraction extracted 
from stems of etiolated Phaseolus multiflorus seedlings 



































Barley endosperm bioassay of fractions 6 ,7 ,8 and 9 from
a partition chromatogram of the acid fraction extracted
from stems of etiolated Phaseolus multiflorus seedlings












































Barley endosperm bioassay of fractions 6,7,8 and 9 from 
a partition chromatogram of the acid fraction extracted 
from stems of etiolated Phaseolus multiflorus seedlings 
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FÎ2.31 Barley endosperm bioassay of fractions 6,7,8 and 9 from 
a partition chromatogram of the acid fraction extracted 
from stems of etiolated Phaseolus multiflorus seedlings 
(Pig.1 4 ), following thin layer chromatography with solvent 
system 4,
Q)






































Fig.32 Barley endosperm bioaesay of fractions 6,7,8 and 9 from 
a partition chromatogram of the acid fraction extracted 
from stems of etiolated Phaseolus multiflorus seedlings 
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F ig .0 3  Barley endosperm b ioaesay  o f  fr a o t io n s  6 , 7 ,8  and Q from 
a p a r t it io n  chromatogram o f  the a c id  fr a c t io n  ex tra cted  
from stems o f  e t io la t e d  Phaseolus m u ltif lo ru s  see d lin g s  
(F ig .1 4 ) I fo llo w in g  th in  la y e r  chromatography w ith  so lv en t  
system  6 .
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T ab le  V I . The d i s t r i b u t i o n  and q u a n t i t i e s  o f th e  endogenous 
g i b b e r e l l i n s  o f P h a se o lu s  m u l t i f l o r u s  s e e d l in g s .
M icrogram s g ito to e re llic  a c id  e q u iv a le n ts
T issu e
F r a c t io n
numtoer
B a rle y  to ioassay
r — — --- — ---
L e ttu c e  to ioassay














t r a c e
0.00006
0.00017
t r a c e
C o ty le ­
dons
6 0 .1 4 0.00028 0 .5 7 0 .0011
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C o ty le ­
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F r a c t io n  number = f r a c t i o n s  from  a  p h o sp h a te  b u f fe re d  p a r t i t i o n
column chrom atogram , c o n ta in in g  peaks of 
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CHAPTER 4 . D is c u s s io n
D e te c t io n  o f g i b b e r e l l i n - l i k e  s u b s ta n c e s  i n  e l u a t e s  from 
p a r t i t i o n  column chromatograms
B a r le y  endosperm b io a s s a y s  o f  e l u a t e s  from p a r t i t i o n  
chrom atogram s re v e a le d  th r e e  d i s t i n c t  a r e a s  o f g i b b e r e l l i n -  
l i k e  a c t i v i t y ,  w hich v/ere c e n tr e d  over f r a c t i o n s  2-4  
(P ig .  11, 12, 1 4 ) ,  f r a c t i o n s  6-7 (P ig .  8 , 10, 12, 13 , 14, 15) 
and f r a c t i o n  11 (P ig .  8 ) •  An a s s a y  o f  an  e x t r a c t  from whole 
l ig h t - g ro w n  s e e d l i n g s ,  shows th r e e  peaks of a c t i v i t y  (P ig .  7 ) ,  
w hich , a l lo w in g  f o r  th e  d i f f e r e n t  e l u t i o n  r a t e s  from t h i s  
column, seem to  co rre sp o n d  to  th e  th r e e  g i b b e r e l l i n - l i k e  
s u b s ta n c e s  d e te c te d  i n  o th e r  e x t r a c t s .  P e r  th e  sake of 
s i m p l i c i t y  g i b b e r e l l i n - l i k e  a c t i v i t y  i n  th e  f r a c t i o n  2-4  
r e g io n  w i l l  be r e f e r r e d  t o  a s  g i b b e r e l l i n  I ,  f r a c t i o n s  6-7 
a s  g i b b e r e l l i n  I I ,  and f r a c t i o n  11 a s  g i b b e r e l l i n  I I I .
The l e t t u c e  a s s a y  was much more v a r i a b l e  th a n  th e  b a r le y  
endosperm a s s a y  and p a r t i c u l a r l y  s e n s i t i v e  t o  i n h i b i t o r s  
p r e s e n t  i n  e x t r a c t s .  Both h y p o c o ty l  and r a d i c l e  grow th were 
s e n s i t i v e  t o  g i b b e r e l l i n  I  ( P ig .  11a and 1 4 a ) ,  w h i le  w i th  th e  
e x c e p t io n  of one a s s a y  ( P ig .  1 0 a ) ,  g i b b e r e l l i n  I I  r a r e l y  
induced  more th a n  a  l i g h t l y  s i g n i f i c a n t  r e s p o n s e .  The 
l e t t u c e  a s sa y  was no t s e n s i t i v e  t o  g i b b e r e l l i n  I I I  ( P i g . 8 a ) , 
b u t  a s  g i b b e r e l l i n  I I I  was d e te c te d  i n  on ly  two e x t r a c t s  
(P ig .  7 and 8 ) ,  i t  i s  p o s s ib l e  t h a t  p o t e n t i a l  re sp o n se  was
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masked by i n h i b i t o r s *  S e v e ra l  s l i g h t l y  s i g n i f i c a n t  peaks 
were d e t e c te d  which d id  n o t c o rre sp o n d  to  g i b b e r e l l i n s  I ,
I I  or I I I .  However, a s  C a rr  e t  a l  (1964) have r e p o r t e d  
t h a t  l e t t u c e  s e e d l in g  grow th i s  promoted by am in o -ac id s  and 
m in e ra l  n u t r i e n t s ,  i t  was d ec id ed  t h a t  t h e  m ost l i k e l y  re a s o n  
f o r  th e  s i g n i f i c a n t  r e sp o n s e s  o u ts id e  f r a c t i o n s  2 -4 ,  6-7 and 
11 was e i t h e r  in c r e a s e d  v a r i a t i o n  caused  by e x t r a c t  im pur­
i t i e s ,  o r  grow th prom oted by s u b s ta n c e s  o th e r  th a n  g i b b e r e l l i n s ,  
o r  b o th .  I t  must a lw ays be borne in  mind however t h a t  t h e  
e x t r a c t s  m ight have c o n ta in e d  g i b b e r e l l i n - l i k e  s u b s ta n c e s  t h a t  
were n o t  p a r t i c u l a r l y  a c t i v e  i n  th e  b a r le y  endosperm and 
l e t t u c e  h y p o c o ty l  and r a d i c l e  a s s a y s .
R e la t i v e  a c t i v i t y  o f g i b b e r e l l i n s  I ,  I I  and I I I  ±n th e  
l e t t u c e  and b a r le y  endosperm b io a s s a y s
g i b b e r e l l i n  I
Q u a n t i t a t i v e  e s t im a te s  (T ab le  VI) b ased  on r e d u c in g  
su g a r  p ro d u c t io n  by b a r l e y  endosperm and l e t t u c e  h y p o c o ty l  
grow th su g g e s t  t h a t  th e  two a s s a y s  a r e  a p p ro x im a te ly  e q u a l  
i n  t h e i r  s e n s i t i v i t y  to  g i b b e r e l l i n  I .  I t  i s  however 
d i f f i c u l t  t o  de te rm ine  th e  a c t i v i t y  o f  g i b b e r e l l i n  I  r e l a t i v e  
t o  s ta n d a rd  g i b b e r e l l i n s .  G ib b e r e l l i n  I  cou ld  be r e l a t i v e l y  
i n a c t i v e  i n  b o th  a s s a y s ,  b u t  p r e s e n t  i n  s u f f i c i e n t l y  h ig h  
q u a n t i t i e s  t o  induce a  s i g n i f i c a n t  re sp o n se  ; a l t e r n a t i v e l y  
i t  cou ld  be an  a c t i v e  g i b b e r e l l i n  w hich i s  p r e s e n t  i n  e x t r a c t s  
i n  on ly  low am ounts. One p ie c e  o f  e v id e n c e ,  an i n a b i l i t y  t o
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o b ta in  f l u o r e s c e n t  s p o ts  on t h i n  l a y e r  chrom atogram s o f 
e x t r a c t s ,  u s in g  th e  method o f M acM illan & S u te r  (1963) 
cou ld  be i n t e r p r e t e d  a s  s u p p o r t in g  th e  h y p o th e s i s  t h a t  
g i b b e r e l l i n  I  i s  one o f  th e  more a c t i v e  g i b b e r e l l i n s  i n  th e  
l e t t u c e  h y p o c o ty l  and b a r le y  endosperm a s s a y s  (see  append ix  
1) .
E s t im a te s  o f % i b b e r e l l i c  a c id  e q u iv a le n ts " f ro m  g i b b e r e l ­
l i n  I  induced  l e t t u c e  r a d i c l e  growth a r e  d i f f i c u l t  t o  
com pile  a s  r a d i c l e  grow th re sp o n d s  only  p o o r ly  t o  s ta n d a r d  
c o n c e n t r a t i o n s  of g i b b e r e l l i c  a c i d .  However a  rough compar­
i s o n  o f  P ig .  11a and 14a s u g g e s ts  t h a t  r a d i c l e  growth i s  a t  
l e a s t  a s  s e n s i t i v e  to  g i b b e r e l l i n  I  a s  h y p o c o ty l  g ro w th .
G i b b e r e l l i n  I I
B a r le y  endosperm a s s a y s  a re  c o n s i s t e n t l y  s e n s i t i v e  t o  
g i b b e r e l l i n  I I ,  y e t  i n  on ly  two l e t t u c e  h y p o c o ty l  a s s a y s  was 
i t  p o s s i b l e  t o  e s t im a te  g i b b e r e l l i c  a c id  e q u iv a l e n t s  (T able  V I ) .  
The r e s u l t s  o f one o f  th e s e  two a s s a y s  (P ig .  10a) s u g g e s ts  
t h a t  th e  l e t t u c e  h y p o c o ty l  i s  more s e n s i t i v e  t o  g i b b e r e l l i n  I I  
th a n  b a r l e y  endosperm , w h ile  th e  o th e r  a s s a y  (P ig .  15a) im p lie s  
th e  o p p o s i te  (T able  V I ) . A l e t t u c e  h y p o c o ty l  a ssay  o f g ib b e r ­
e l l i n  I I  i n  an  e x t r a c t  o f  c o ty le d o n s  from l ig h t-g ro w n  
s e e d l in g s  produced  a  h ig h ly  s i g n i f i c a n t  re sp o n se  (P ig .  1 0 a ) ,  
w h ile  g i b b e r e l l i n  I I  i n  an  e x t r a c t  o f e t i o l a t e d  stem s d id  not 
s i g n i f i c a n t l y  in c r e a s e  l e t t u c e  h y p o c o ty l  grow th (P ig .  14a)®
T h is  d i f f e r e n c e  i n  re sp o n se  i s  n o t a  q u a n t i t a t i v e  e f f e c t ,  a s
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th e  l a t t e r  e x t r a c t ,  a c c o rd in g  t o  b a r le y  endosperm e s t im a te s  
(P ig .  10, 1 4 ) ,  c o n ta in e d  a t  l e a s t  t e n  t im e s  more g i b b e r e l l i n  
I I  th a n  th e  fo rm e r ,  so t h i s  and th e  c o n f l i c t i n g  g i b b e r e l l i c  
a c id  e q u iv a l e n t s  a r e  most l i k e l y  th e  r e s u l t  o f  v a r i a t i o n .
I t  th e n  a p p e a rs  t h a t  w i th  th e  o c c a s io n a l  e x c e p t io n ,  l e t t u c e  
s e e d l in g  g row th , compared to  re d u c in g  s u g a r  p ro d u c t io n  by 
b a r l e y  endosperm , i s  r e l a t i v e l y  i n s e n s i t i v e  to  g i b b e r e l l i n  I I .
As f a r  a s  th e  a c t i v i t y  o f g i b b e r e l l i n  I I ,  r e l a t i v e  t o  
s ta n d a r d  g i b b e r e l l i n s ,  i n  t h e  b a r le y  endosperm and l e t t u c e  
a s sa y  sy s tem s , i s  co n cern ed , th e  b a s ic  argum ent p r e v io u s ly  
a p p l ie d  t o  g i b b e r e l l i n  I  i s  r e l e v a n t .  P a i l u r e  t o  o b ta in  
f l u o r e s c e n t  d a ta  s u p p o r ts  th e  h y p o th e s i s  t h a t  g i b b e r e l l i n  I I  
i s  p r e s e n t  i n  e x t r a c t s  i n  sm a ll  q u a n t i t i e s ,  th e  d i f f e r e n t i a l  
re sp o n se  o f  th e  two a s s a y s  adds w eig h t t o  t h i s  p o s s i b i l i t y .  
T h is  i n  t u r n  im p l ie s  t h a t  g i b b e r e l l i n  I I  i s  p o s s ib ly  one of 
th e  more a c t i v e  g i b b e r e l l i n s  i n  th e  b a r le y  endosperm a s sa y  
and t h a t  l e t t u c e  s e e d l in g  growth a l th o u g h  n o t  t o t a l l y  
u n re sp o n s iv e  i s  r e l a t i v e l y  i n s e n s i t i v e  (see  append ix  1 ) .
G i b b e r e l l i n  I I I
G i b b e r e l l i n  I I I  i s  a c t i v e  i n  th e  b a r le y  endosperm a s sa y  
(P ig .  7 & 8 ) .  Two e x t r a c t s  c o n ta in in g  g i b b e r e l l i n  I I I  were 
t e s t e d  w i th  th e  l e t t u c e  a s s a y ,  a whole l ig h t -g ro w n  s e e d l in g  
e x t r a c t  was c o m p le te ly  to x ic  t o  l e t t u c e  grow th , w h ile  
f r a c t i o n  I I ,  from  an e x t r a c t  o f  l ig h t-g ro w n  le a v e s  and buds 
(P ig .  8a) d id  n o t  induce a  s i g n i f i c a n t  grow th r e s p o n s e .
However i t  can n o t be p o s i t i v e l y  conc luded  t h a t  g i b b e r e l l i n  I I I
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i s  i n a c t i v e  i n  th e  l e t t u c e  a s s a y ,  b ecause  s i m i l a r  t o  o th e r  
e x t r a c t s  (Pig* 1 0 a ,1 1 a ,1 4 a ,1 5 a ,1 6 a ) , i n h i b i t o r s  may have been 
p r e s e n t  i n  f r a c t i o n  I I ,  of th e  e x t r a c t  o f  l ig h t-g ro w n  le a v e s  
and buds (P ig .Sa)^  which cou ld  have masked any p o t e n t i a l  le^ o n se .
F u r th e r  p r o p e r t i e s  of g i b b e r e l l i n s  I ,  I I  and I I I  
G i b b e r e l l i n  I
G i b b e r e l l i n  I  i s  e l u t e d  by e t h y l  a c e t a t e  from a  phosphate
b u f f e r e d  p a r t i t i o n  column chrom atogram , i n  f r a c t i o n s  2-4  (Pig®
11, 12, 1 4 ) .  G ib b e r e l l i n s  and A^, b o th  o f which have been
e x t r a c t e d  from immature P .  m u l t i f l o r u s  seed  (MacMillan a t  ^
I9 6 0 , 1962), have a  s i m i l a r  e l u t i o n  p a t t e r n  (Table I I I ) . However,
a  com parison  o f th e  p o s s ib l e  r e l a t i v e  a c t i v i t i e s  of g i b b e r e l l i n
I  and th e  r e l a t i v e  a c t i v i t i e s  o f  g i b b e r e l l i n s  A^ and Ag in  th e
b a r le y  endosperm and l e t t u c e  h y p o c o ty l  and r a d i c l e  a s s a y s ,
(B r ia n  ^  aJ. 1962), (P a leg  e t  1964), shows t h a t  g i b b e r e l l i n  Ag
h a s  q u i t e  d i f f e r e n t  a c t i v i t y  to  g i b b e r e l l i n  I ,  and t h a t  A^ i s
p o s s ib ly  n o t  a s  a c t i v e  a s  g i b b e r e l l i n  I  (Table IX ) .
T ab le  IX * A com parison  of th e  p o s s ib le  r e l a t i v e  a c t i v i t i e s  of 
g i b b e r e l l i n  I  and th e  r e l a t i v e  a c t i v i t i e s  o f  g i b b e r e l l i n s  A^
& Ag i n  th e  b a r l e y  endosperm and l e t t u c e  h y p o c o ty l  and radifLe
a s s a y s
l e t t u c e  B io assay B a r le y  endosperm
G ib b e r e l l i n H ypocoty l R a d ic le B io assay
I + 4 + 4 4 4 4 4 4
+ 4 4
Y -^6 4 4 4  4 4
+ = gu ide  t o  r e l a t i v e  a c t i v i t y
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The c o n c lu s io n s  based  on b io a s s a y  d a ta  a r e  u phe ld  by t h i n  
l a y e r  ch rom atography , g i b b e r e l l i n  I  moves on p a r t i t i o n  and 
a d s o r p t io n  t h i n  l a y e r  chromatograms i n  a  s i m i l a r  manner t o  
g i b b e r e l l i n s  and A^, n o t A  ^ o r Ag (P ig .  20, 21, 22, 24,
25, 26, 2 7 ) .  However th e  p r o p e r t i e s  o f  g i b b e r e l l i n  I  on a  
b u f f e r e d  c e l i t e  column im ply t h a t  i t  i s  l e s s  h y d ro x y la te d  
th a n  e i t h e r  g i b b e r e l l i n  A^ o r A^, which a re  n o t  e lu t e d  u n t i l  
f r a c t i o n s  9 and 11 (Table I I I ) .
The m o b i l i t y  of g i b b e r e l l i n  I  i n  s o lv e n t  system  4 
( P ig .  21 and 27) s u g g e s ts  t h a t  i t  cou ld  be s l i g h t l y  more 
p o l a r  th a n  g i b b e r e l l i n s  A^  ^ and A^, w hile  p a r t i t i o n  t h i n  l a y e r  
chrom atography w ith  s o lv e n t  system  6 on k i e s e lg u h r  G (P ig .  2 2 ), 
which s e p a r a t e s  g i b b e r e l l i n s  and A^, shows g i b b e r e l l i n  I  
t o  be l e s s  p o l a r  th a n  A^ and to  have a  m o b i l i ty  n e a r e r  t h a t  
o f g i b b e r e l l i n  A^. S e p a r a t io n  o f  g i b b e r e l l i n  I ,  A^ and A^ 
on th e s e  chromatogram s was so sm a ll  t h a t  th e  d i f f e r e n c e s  i n  
Ptf cou ld  w e l l  be th e  r e s u l t  of i m p u r i t i e s  i n  th e  e x t r a c t s  
r a t h e r  th a n  th e  p r o p e r t i e s  of g i b b e r e l l i n  I .
G i b b e r e l l i n  I I
The m o b i l i ty  o f g i b b e r e l l i n  I I  on a  b u f f e r e d  c e l i t e  
column i s  q u i t e  d i f f e r e n t  from g i b b e r e l l i n s  A^^-Ag (T able  I I I )  
a s  i t  i s  e l u t e d  in  f r a c t i o n s  6-7 (P ig .  8 , 10 , 12, 15, 14, 1 5 ) « 
G i b b e r e l l i n  I I  a p p e a rs  t o  be q u i t e  a c t i v e  i n  th e  b a r le y  en­
dosperm a s s a y  and c o m p a ra t iv e ly  i n e f f e c t i v e  i n  p rom oting  
l e t t u c e  s e e d l in g  g ro w th .
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P a r t i t i o n  and a d s o r p t io n  t h i n  l a y e r  chrom atography 
show t h a t  g i b b e r e l l i n  I I ,  l i k e  g i b b e r e l l i n  I ,  h a s  s i m i l a r  
p r o p e r t i e s  to  g i b b e r e l l i n s  and A^ (F ig .  18 , 19, 23, 28,
29, 30, 31, 32, 33) b u t  p a r t i t i o n  column chrom atography and 
b io a s s a y  d a ta  show g i b b e r e l l i n  I I  i s  i d e n t i c a l  w i th  n e i t h e r  
g i b b e r e l l i n  I ,  no r g i b b e r e l l i n s  A^ o r  A^ (T ab le s  I I I ,  V I I ,  
V I I I ) .  M o b i l i ty  i n  s o lv e n t  system s 4 and 5 s u g g e s t  t h a t ,  
l i k e  g i b b e r e l l i n  I ,  g i b b e r e l l i n  I I  may be s l i g h t l y  more 
p o l a r  th a n  g i b b e r e l l i n s  A^ and A^ (F ig .  31 , 3 2 ) .  On a  p a r ­
t i t i o n  t h i n  l a y e r  chromatogram on k ie s e lg u h r  G, g i b h e r e l l i n l l  
r a n  betv/een g i b b e r e l l i n s  A^ and A^ (F ig .  33), b u t  a g a in  a s  
w i th  g i b b e r e l l i n  I ,  th e  s e p a r a t io n s  were so sm a l l  t h a t  th e  
d i f f e r e n c e s  cou ld  w e l l  be due t o  im p u r i t i e s  in th e  e x t r a c t s .
G i b b e r e l l i n  I I I
G i b b e r e l l i n  I I I  was d e t e c te d  i n  a p p r e c ia b le  q u a n t i t i e s  
i n  e x t r a c t s  o f  whole l ig h t - g ro w n  s e e d l in g s  ( F ig .  7 ) ,  l i g h t -  
grown le a v e s  and a p i c a l  buds (F ig .  8) and p o s s ib ly  i n  t r a c e  
q u a n t i t i e s  i n  l ig h t - g ro w n  stem e x t r a c t s  (F ig .  9 ) .  I t  was 
e l u t e d  from b o th  w et and dry  packed c e l i t e  columns i n  th e  
same f r a c t i o n  a s  g i b b e r e l l i c  a c id  ( F ig .  7 & 8 ) .  I t s  
m o b i l i t y  on a  t h i n  l a y e r  chromatogram deve loped  w i th  s o lv e n t  
system  4 was v e ry  s i m i l a r  t o  t h a t  o f  g i b b e r e l l i n  Ag (F ig .  1 7 ) .  
P ro v id e d  t h a t  t h e  amount o f g i b b e r e l l i n  I I I  i n  t h e  e x t r a c t  o f  
l ig h t - g ro w n  le a v e s  and a p i c a l  buds i s  a s  lov/ a s  im p lied  by 
th e  g i b b e r e l l i c  a c id  e q u iv a le n t  e s t i m a t e s ,  th e n  th e  same 
argum ents  ap p ly  a s  d id  f o r  g i b b e r e l l i n s  I  and I I ,  and
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g i b b e r e l l i n  I I I  would a p p e a r  t o  be r e l a t i v e l y  a c t i v e  i n  th e  
b a r le y  endosperm a s s a y .  The e f f e c t  o f g i b b e r e l l i n  I I I  on 
l e t t u c e  s e e d l in g  grow th  (P ig .  8a) was p o s s ib ly  masked by 
i n h i b i t o r s ,  s i m i l a r  t o  th o s e  p r e s e n t  i n  f r a c t i o n  11 i n  o th e r  
e x t r a c t s  (P ig .  10a, 11a, 14a, 15a, 1 6 a ) .
The a v a i l a b l e  in fo rm a t io n  th e n  p o in t s  t o  th e  p o s s i b i l i t y  
o f g i b b e r e l l i n  I I I  b e in g  g i b b e r e l l i c  a c id ,  b u t  u n t i l  more 
d a ta ,  p a r t i c u l a r l y  f l u o r e s c e n t  r e s u l t s  and p e rh ap s  gas 
ch rom âtography/m ass sp e c tro m e try  a n a l y s i s ,  a r e  a v a i l a b l e ,  
t h i s  can  be re g a rd e d  a s  no more th a n  s p e c u l a t i v e .  G ib b e re l ­
l i c  a c id  h a s  been  d e te c te d  p r e v io u s ly  i n  immature seed  
(Jo n es  P .P .  1964) and pod e x t r a c t s  (Sembdner e t  aJ. 1964) 
o f  P .  m u l t i f l o r u s .
I d e n t i f i c a t i o n  of g i b b e r e l l i n s  I  and I I
Prom a  com parison  of b io a s s a y  r e sp o n s e s  and m o b i l i ty  on 
b o th  p a r t i t i o n  column chromatograms and t h i n  l a y e r  chroma­
togram s i t  a p p e a rs  t h a t  n e i t h e r  g i b b e r e l l i n  I  n o r  g i b b e r e l l i n l l  
i s  i d e n t i c a l  w i th  any of th e  fo l lo v / in g ,  g i b b e r e l l i n s  A^,
A^, A^, A^, Arjj Ag and Ag. A ttem p ts  to  c o r r e l a t e  th e  
p r o p e r t i e s  o f  g i b b e r e l l i n s  I  and I I  w ith  th o s e  of g i b b e r e l l i n s  
A^q (Hanson 1966), A^^ (C ro ss  & Hanson, see  Cave11 e t  a l  1967), 
A i2 (C ross  & H orton  19 65 ), A^^ (G a lt  1965), A^^ (C ross  1966), 
A^g (Hanson 1967% Bamboo g i b b e r e l l i n  (Tamura £ t  a l  1966, 
M uro fush i £ t  a l  1966) and Lupinus g i b b e r e l l i n - I  (Koshimiyu 
e t  a l  1966), a r e  hampered because  o f  a  s h o r ta g e  of d a ta  on
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m o b i l i t i e s  on p a r t i t i o n  column chromatograms, and t h i n  l a y e r  
chromatograms in  th e  a p p ro p r ia te  s o lv e n t  system s and r e l a t i v e  
a c t i v i t i e s  in  b a r le y  endosperm, l e t t u c e  h y p o co ty l  and r a d i c l e  
assays*
C a v e ll  ^  a l  (1967) ca ta lo g u ed  th e  t h i n  l a y e r  chrom ato­
g ra p h ic  p r o p e r t i e s  of sev en teen  known g i b b e r e l l i n s  i n  s ix  
so lv e n t  systems^ bu t i t  i s  p o s s ib le  to  compare the  d a ta  from 
only two o f th e  s ix  s o lv e n t  system s, w ith  th e  a v a i l a b l e  
t h i n  l a y e r  chrom atographic p r o p e r t i e s  of g i b b e r e l l i n s  I  and I I .  
T h is  com parison i s  p re se n te d  in  Table X, to g e th e r  w ith  th e  
p r o p e r t i e s  o f  compound b , a  g i b b e r e l l i n - l i k e  su b s ta n c e ,  which 
was e x t r a c te d  by Jones P .P .  (1964) from immature P . m u l t i f l o r u s  
s e e d .
A com parison o f th e  Rf v a lu e s  shows t h a t  Bamboo g i b b e r e l l i n ,  
g i b b e r e l l i n s  A^q , A^^, A^g» and A^^ have d i f f e r e n t  
chrom atographic  p r o p e r t i e s  to  g i b b e r e l l i n s  I  and I I .  Compounds 
w ith  ro ug h ly  s i m i l a r  chrom atographic p r o p e r t i e s  a re  g ib b e r e l ­
l i n s  P n p in u s - I  g i b b e r e l l i n  and compound b .
U nlike g i b b e r e l l i n s  I  and I I  which bo th  run  s im i l a r ly  t o  
g i b b e r e l l i n s  A^ and A^ when developed on t h i n  l a y e r  chromato­
grams of s i l i c a  g e l  G w ith  d i - i s o p r o p y l  e t h e r / a c e t i c  a c id  
(95 2 5) g i b b e r e l l i n  A^^ had an Rf v a lu e  tw ice  t h a t  of 
g ib b e r e l l i n s  A^ and A^. M ulholland (1967) h as  a l s o  shown 
g i b b e r e l l i n  A^^ to  be com ple te ly  in a c t iv e  in  th e  l e t t u c e
Table X> Thin l a y e r  chromatogram Rf v a lu e s  of s ta n d a rd  
g i b b e r e l l i n s  (C av e ll  ^  1967), compound b
(Jones D.R. 1964) and P haseo lu s  m u l t i f l o r u s  
s e e d l in g  g i b b e r e l l i n s  I  and I I .
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S olven t system ru n  on S i l i c a  Gel G.
D i- i s o p ro p y l  e t h e r / B e n z e n e /a c e t ic  a c i d /
G rib b e re ll in a c e t i c  a c id  ( 9 5 : 5 ) w ate r  (8  1 3  : 5 )
0 .06 0 .0 0
h
0 .06 0 .0 0
0 .06 0 .3 6
0 .49 1 .0 0
Ai 2 0.67 1 . 0 0
■^ 13 0 .14 0 .1 1
0.26 0.75
0 .44 1 .0 0
Bamboo 0 .80 0 . 0 0
L u p in u s -I 0 .04 0 .0 2
4 0 .1 0 0 .0 0
Compound b 0 .13 0 .0 0
4 0 .09 0 . 0 0  +
A5 0 .09 0 .0 0
I 0 . 0- 0 . 1 0 . 0- 0 . 1
I I . 0 . 0 - 0 . 1 0 . 0- 0 . 1
= ru n  in  ca rbon  t e t r a c h l o r i d e / a c e t i c  a c id /w a te r  ( 8 : 3 : 5 ) *
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hy p o co ty l  b io a s s a y ,  whereas g i b b e r e l l i n  I  a p p e a rs  to  be 
q u i te  a c t i v e  i n  t h a t  a ssay  and g i b b e r e l l i n  I I  a l th o u g h  
r e l a t i v e l y  in a c t i v e  i s  no t com ple te ly  w ith o u t e f f e c t .  
Compound b a l s o  ap p ea rs  to be s l i g h t l y  too  m obile to  be 
e i t h e r  g i b b e r e l l i n  I  or I I .  L u p in u s-I  g i b b e r e l l i n  h as  a  
s i m i l a r  m o b i l i ty  to  b o th  g i b b e r e l l i n s  I  and I I  in  th e  two 
so lv e n t  system s compared, bu t an exam ina tion  of o th e r  s o l ­
v e n t  system s l i s t e d  by C av e ll  e t  a l  (196?) suggest t h a t  
p o s s ib ly  i t  i s  no t a s  p o la r  as  g i b b e r e l l i n  I  and I I .
A nother a l t e r n a t i v e  i s  Phaseolus-oc , a  b u ta n o l - s o lu b le  
p o la r  g i b b e r e l l i n - 1 i k e  subs tance  e x t r a c te d  from P . M u l t i -  
f l o r u s  seed by Sembdner e t  a l  (1964). However P h aseo lu s  cL 
comes in to  th e  same c a te g o ry  a s  g i b b e r e l l i n  L u p in u s-I
g i b b e r e l l i n  and compound b , in  so f a r  a s  a  la c k  of compar­
a b le  in fo rm a tio n  on column and t h i n  l a y e r  chromatogram 
m o b i l i t i e s  and b io a ssa y  re sp o n se s  makes i t  im p o ss ib le  t o  
determ ine  w ith  any c e r t a i n t y  w hether or no t i t  i s  i d e n t i c a l  
t o  e i t h e r  g i b b e r e l l i n  I  or I I .
O ther g i b b e r e l l i n - l i k e  su b s tan ce s
C onfirm atio n  of th e  p resence  of secondary  peaks of 
g i b b e r e l l i n - l i k e  a c t i v i t y ,  o th e r  th an  g i b b e r e l l i n s  I ,  I I  or 
I I I ,  d e te c te d  in  b a r le y  endosperm b io assay ed  e lu a t e s  from 
t h i n  l a y e r  chromatograms, v/as u s u a l ly  l im i t e d  to  red u c in g  
su g a r  d e te rm in a t io n s  as  they  were in v a r ia b ly  more s e n s i t i v e  
and f a r  l e s s  v a r ia b le  th a n  p r o t e i n  n i t r o g e n  e s t im a t io n s .
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G rib be re ll in  I  e x t r a c te d  from e t i o l a t e d  stem s (Pig* 1 4 ) ,  on 
be in g  chromatographed on t h i n  l a y e r s  o f s i l i c a  g e l  0, w ith  
s o lv e n t  system s 1, 3 and 4, showed a  m ajor peak of a c t i v i t y  
co rre sp o n d in g  to  th e  u su a l  g i b b e r e l l i n  and A^ p o s i t i o n  
and a secondary  peak a t  a  p o in t  between g i b b e r e l l i n s  Arj and 
Ag (Pig* 24, 26, 2 7 ) .  G ib b e r e l l in  I I  from e t i o l a t e d  le a v e s  
(Pig* 13) showed a secondary  peak of g i b b e r e l l i n - l i k e  
a c t i v i t y  a t  a  s im i l a r  Ilf to  g i b b e r e l l i n  Ag when re  chrom atogra­
phed in  so lv e n t  system 1 (Pig* 23)*
Most red u c in g  su g a r  e s t im a t io n s  of b a r le y  endosperm 
b io a s s a y s  of e lu a te s  from t h i n  l a y e r  chromatograms o f  ex­
t r a c t s  c o n ta in in g  g ib b e r e l l i n s  I ,  I I  and I I I ,  r e v e a le d  only 
one d i s t i n c t  peak of g i b b e r e l l i n - l i k e  a c t i v i t y ,  i n v a r ia b ly  
i n  a  p o s i t i o n  co rre sp o n d in g  to  th e  Rf of g i b b e r e l l i n s  A^ or 
A^* Small a r e a s  o f a c t i v i t y  a t  Rf 0 .0 - 0 .1  were i n t e r p r e t e d  
a s  be ing  t r a c e s  of th e  m ajor g i b b e r e l l i n - l i k e  s u b s ta n c e ,  
which because o f e x t r a c t  im p u r i t i e s  had n o t  moved up th e  
chromatogram b u t rem ained a t  th e  p o in t  o f  o r i g i n .  Of course  
t h i s  a c t i v i t y  cou ld  be due to  p o la r  g i b b e r e l l i n - l i k e  s u b s ta n ­
c e s ,  perhaps  s im i la r  t o  th o se  e x t r a c te d  by Sembdner e t  al  
(1964) from P . m u l t i f l o r u s  s e e d .  However th e  f i r s t  ex p lan ­
a t i o n  i s  th e  most p ro bab le  as  i n  the  main, i t  i s  b u ta n o l  r a t h e r  
th a n  e th a n o l  t h a t  e x t r a c t s  h ig h ly  p o la r  g i b b e r e l l i n - l i k e  
su b s ta n c e s  from p la n t  t i s s u e .
D if f e re n c e s  i n  th e  g i b b e r e l l i n  c o n te n t  of et i o l a t e d  and
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l ig h t-g ro w n  P . m u l t i f l o r u s  s e e d l in g s .
R e s u l t s  p re se n te d  i n  P ig .  8 -16a  and T ab les  VI, V I I I  and 
V i l l a  i l l u s t r a t e  q u a n t i t a t i v e  and q u a l i t a t i v e  d i f f e r e n c e s  
in  th e  d i s t r i b u t i o n  of th re e  g i b b e r e l l i n - l i k e  su b s ta n c e s ,  
g i b b e r e l l i n s  I ,  I I  and I I I  i n  l i g h t -  and dark-grow n P . 
m u l t i f l o r u s  s e e d l in g s .  P rev io u s  workers u s in g  pea s e e d l in g s  
(Kende & Lang 1963) suggested  t h a t  l i g h t  does n o t  a f f e c t  th e  
l e v e l  o f endogenous g i b b e r e l l i n s ,  b'qt a l t e r s  th e  s e n s i t i v i t y  
of th e  s e e d l in g  to  c e r t a i n  though not a l l  endogenous and 
exogenous g i b b e r e l l i n s .  K ohler (1965, 1966 and 1966a) and 
Ogawa (1964) w hile n o t  r e f u t i n g  the su g g e s t io n  t h a t  l i g h t  
a f f e c t s  th e  s e n s i t i v i t y  of the  t i s s u e ,  showed w ith  a d i f f e r ­
en t  v a r i e t y  of pea and P h a r b i t i s  n i l  s e e d l in g s ,  t h a t  l i g h t  
in c r e a s e s  th e  g i b b e r e l l i n  co n ten t  of bo th  ty p e s  of s e e d l in g ,  
presum ably by in c r e a s in g  g i b b e r e l l i n  b io s y n th e s i s .  The 
p re s e n t  r e s u l t s  i n d ic a te  t h a t  th e  e f f e c t  of l i g h t  on g ib b e r ­
e l l i n  b io s y n th e s i s  of P . m u l t i f l o r u s  s e e d l in g s  i s  no t j u s t  
q u a n t i t a t i v e ,  b u t  i s  a l s o  q u a l i t a t i v e ,  a s  e t i o l a t e d  s e e d l in g s  
c o n ta in  g i b b e r e l l i n s  I  and I I  and l ig h t-g ro w n  s e e d l in g s  
g i b b e r e l l i n  I ,  I I  and I I I .
B es id es  a  q u a l i t a t i v e  d i f f e r e n c e  in  t o t a l  g i b b e r e l l i n  
c o n te n t  t h e r e  i s  a l s o  a s t r i k i n g  d i f f e r e n c e  i n  th e  d i s t r i ­
b u t io n  of th e  endogenous g i b b e r e l l i n s  in  th e  v a r io u s  organs 
of th e  l i g h t -  and dark-grown s e e d l in g  (Table V I) ,  i n f a c t  
only th e  c o ty led o n s  have a s im i l a r  g i b b e r e l l i n - c o n t e n t  in  
bo th  l i g h t - a n d  dark-grow n t i s s u e .  G ib b e r e l l in  I  was p re s e n t
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i n  an e x t r a c t  of whole l ig h t-g ro w n  s e e d l in g s  (P ig .  7) which 
were grown no t in  w a te r  c u l tu r e  bu t in  p o ts  of v e r m i c u l i t e •
So a s  r o o t s  a re  the  only p a r t  o f l ig h t-g ro w n  s e e d l in g s  to  
c o n ta in  g i b b e r e l l i n  I  (Table V I) ,  i t  i s  p o s s ib le  t o  suggest 
t h a t  th eapp earance  of g i b b e r e l l i n  I  in  r o o t s  of l ig h t-g ro w n  
s e e d l in g s  i s  not a  d i r e c t  e f f e c t  of l i g h t  on th e  r o o t s ,  b u t  
an i n d i r e c t  e f f e c t  of l i g h t  on th e  s h o o t .
I t  i s  not p o s s ib le  to  e s t im a te  the  p r e c i s e  s ig n i f i c a n c e  
o f th e  d i f f e r e n c e s  in  g i b b e r e l l i n  c o n te n t  of l i g h t -  and d a rk -  
grown P . m u l t i f l o r u s  s e e d l in g s  w ith o u t f u r t h e r  more d e t a i l e d  
e x p e r im e n ta t io n .  I t  v/ould be p o s s ib le  t o  conclude t h a t  th ey  
a re  th e  r e s u l t  of d i f f e r e n t  s i t e s  of g i b b e r e l l i n  b io s y n th e s i s  
be ing  u t i l i z e d  by l i g h t -  and dark-grow n s e e d l in g s  b u t  f o r  th e  
f a c t  t h a t  e x t r a c t io n  o f  g i b b e r e l l i n s  from a  p la n t  p a r t ,  i s  not 
i n d i c a t i v e  of b io s y n th e s i s  by t h a t  p a r t i c u l a r  o rgan , a s  th e  
g i b b e r e l l i n  c o n te n t  may be th e  r e s u l t  of t r a n s l o c a t i o n  in to  
and accum ula tion  w i th in  an o rgan , of g i b b e r e l l i n  produced 
e lse w h e re .  So the  d i f f e r e n c e  i n  g i b b e r e l l i n  c o n te n t  o f 
l i g h t -  and dark-grow n s e e d l in g s  o f P . m u l t i f l o r u s  can be 
re g a rd ed  a s  no more th a n  a d i f f e r e n c e  in  th e  s to ra g e  of 
g i b b e r e l l i n s  which may or may no t be th e  r e s u l t  of d i f f e r e n t  
s i t e s  of g i b b e r e l l i n  b io s y n th e s i s  be ing  u t i l i s e d .
T e n ta t iv e  h y p o th eses  to  account f o r  th e  d i s t r i b u t i o n  of
endogenous g i b b e r e l l i n s  in  th e  P . m u l t i f l o r u s  s e e d l in g .
U n t i l  more ev idence  becomes a v a i l a b le  i t  i s  only  p o s s ib le
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t o  s p e c u la te  as  to  th e  r o l e s  p layed  by g i b b e r e l l i n s  I ,  I I  and 
I I I  i n  th e  P .m u l t i f l o r u s  s e e d l in g .
I f  th e  d i f f e r e n c e s  in  g i b b e r e l l i n  c o n te n t  do t u r n  out t o  
be th e  r e s u l t  of th e  u t i l i z a t i o n  of d i f f e r e n t  s i t e s  of g ib b e r ­
e l l i n  b io s y n th e s i s  by d a rk -  and l ig h t-g ro w n  s e e d l in g s ,  perhaps  
th e  s ig n i f i c a n c e  w i l l  be found in  P a leg*s  h y p o th e s is  (1966), 
which was d is c u s s e d  i n  th e  s e c t io n  of th e  in t ro d u c to ry  
c h a p te r  e n t i t l e d  ’E t i o l a t i o n * .  P a le g p o s tu la te d  t h a t  
e t i o l a t e d  s e e d l in g s  may be in cap a b le  of g i b b e r e l l i n  b io sy n ­
t h e s i s  and depend on the  u t i l i z a t i o n  of t h e i r  ’bound* 
g i b b e r e l l i n  r e se rv e  f o r  a supply  of ’f r e e * g i b b e r e l l i n ,  and 
t h a t  th e  e f f e c t  of l i g h t  i s  t o  i n i t i a t e  novo g i b b e r e l l i n  
b io s y n th e s i s '  i n  v a r io u s  p a r t s  of th e  s e e d l in g .  The ap p a ren t  
absence of g i b b e r e l l i n - l i k e  su b s tan ce s  in  th e  r o o t s  of e t i o l a t e d  
P . m u l t i f l o r u s  s e e d l in g s  (P ig .  16) and th e  p resence  of 
g i b b e r e l l i n  I  i n  r o o t s  o f l ig h t-g ro w n  s e e d l in g s  (P ig .  1 1 ), 
would th e n  su g g es t  t h a t  r o o t s  a r e  a s i t e  o f  g i b b e r e l l i n  
b io s y n th e s i s  only in  l ig h t-g ro w n  s e e d l in g s .  The ’f r e e ’ 
g i b b e r e l l i n s  I  and I I  p re s e n t  in  e t i o l a t e d  s e e d l in g s  would 
th e n  be d e r iv e d  from bound g i b b e r e l l i n s  i n  th e  c o ty le d o n s ,  
which in  bo th  l i g h t -  and dark-grown s e e d l in g s  c o n ta in  s im i l a r  
l e v e l s  o f  g i b b e r e l l i n  I I .
As m entioned in  th e  p re v io u s  s e c t io n ,  i t  i s  p o s s ib le  t h a t  
th e  p re sen ce  o f g i b b e r e l l i n  I  i n  r o o t s  of l ig h t-g ro w n  s e e d l in g s  
i s  an  i n d i r e c t  e f f e c t  of l i g h t  on th e  sh o o t .  As a  r e s u l t  of
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th e  work o f Kbhler (1966, 1966a) i t  seems p o s s ib le  t h a t  th e  
d i f f e r e n c e s  in  th e  g i b b e r e l l i n  c o n te n t  o f l i g h t -  and dark-grown 
t i s s u e  a re  connected  w ith  th e  phytochrome s js te m .  I t  i s  known 
t h a t  l i g h t  a f f e c t s  g i b b e r e l l i n  m etabolism  th ro u g h  th e  m edia­
t i o n  of th e  phytochrome system , bu t th e r e  i s  no in fo rm a tio n  on 
the  p r e c i s e  mechanisms in v o lv e d . I t  i s  t h e r e f o r e  im po ss ib le  
to  t e l l  w hether th e  l i g h t  induced change in  g i b b e r e l l i n  c o n te n t  
and perhaps  g i b b e r e l l i n  b io s y n th e s i s ,  of th e  r o o t s ,  i s  th e  
r e s u l t  of a  t r a n s l o c a t i o n  from th e  shoot to  th e  ro o t  a s  a  
d i r e c t  phytochrome response  v/hich i t s e l f  a f f e c t s  g i b b e r e l l i n  
m etabo lism , or an i n d i r e c t  a c t io n  of phytochrome in  th e  t r a n s ­
l o c a t i o n  of su b s ta n c e s  such as  g i b b e r e l l i n  p r e c u r s o r s .
The p resence  o f  g i b b e r e l l i n  I I I  i n  l ig h t-g ro w n  le a v e s  and 
i t s  absence from e t i o l a t e d  t i s s u e  could  i n d i c a t e  t h a t  i t  i s  
i n  some way a s s o c ia te d  w ith  t h e  development a n d /o r  m aintenance 
o f a  p h o to s y n th e t ic  l e a f .  G ib b e r e l l in  I I I  i s  v e ry  s i m i l a r  to  
g i b b e r e l l i c  a c id ,  so i t  i s  of i n t e r e s t  to  no te  t h a t  g i b b e r e l l i c  
a c id  i s  many tim es  more e f f i c i e n t  th a n  o th e r  known g i b b e r e l l i n s  
t i n  r e t a r d i n g  th e  senescence o f l e a f  d i s c s  of Rumex obtusifoH us L, 
(Vflayte & L uckw ill  1966), and i t  a l s o  e f f e c t i v e l y  i n l i i b i t s  
senescence  in  laraxacnm  o f f i c i n a l e  ( F le tc h e r  & Osborne 1966) 
and Iropaelum  ma .jus (Beevers 1966).
G ib b e r e l l in  I I  i s  th e  only g i b b e r e l l i n - l i k e  subs tance  
a c t iv e  i n  e i t h e r  th e  l e t t u c e  or b a r le y  endosperm a s s a y s ,  t h a t  
i s  p r e s e n t  in  th e  sh o o ts  of bo th  e t i o l a t e d  and l ig h t-g ro w n
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Z* lo ru s  s e e d l in g s ,  so p o s s ib ly  i t  cou ld  be a s s o c ia te d
w ith  stem g row th . Table VI shov/s t h a t  l ig h t-g ro w n  sh o o ts  
c o n ta in  l e s s  g i b b e r e l l i n  I I  than  e t i o l a t e d  s h o o ts ,  so th e  
p o s s i b i l i t y  a r i s e s  t h a t  l i g h t  in h ib i t e d  stem growth cou ld  be 
th e  r e s u l t  of l i m i t i n g  l e v e l s  of g i b b e r e l l i n  I I ,  perhaps  
because in  th e  l i g h t ,  g i b b e r e l l i n  p re c u rs o rs  or even g ib b e r ­
e l l i n  I I  i t s e l f  a re  ch an n e lled  in to  th e  p ro d u c tio n  of 
g i b b e r e l l i n  I I I .  R e s to r a t io n  of stem e lo n g a t io n  to  the  r a t e  
of growth of e t i o l a t e d  s e e d l in g s ,  by t re a tm e n t  w ith  g i b b e r e l l i c  
a c id ,  which i s  s im i l a r  to  g i b b e r e l l i n  I I I ,  could  th en  be 
ex p ls i  ned by assuming t h a t  the  endogenous g i b b e r e l l i c  a c id  
s u p p l ie s  th e  n e c e ssa ry  g i b b e r e l l i n  f o r  l e a f  growth, so a l lo w in g  
g i b b e r e l l i n  p re c u r s o r s  t o  be used in  the  s y n th e s i s  of th e  
g i b b e r e l l i n  I I  n ec essa ry  to  m a in ta in  the  dark-grown r a t e  of 
stem e lo n g a t io n .
Recent r e s u l t s  of Geissmann et. (1966) and V e rb isc a r  
e t  a l  (1 9 6 7 ) imply an in te r c o n v e r s io n  of g i b b e r e l l i n s  by G. 
f u j i l o i r o i . in  a sequence of s te p s  in v o lv in g  an o v e r a l l  change 
tow ards h ig h e r  o x id a t io n  l e v e l s ,  w ith  g i b b e r e l l i n s  and A^ 
a t  an e a r ly  s ta g e  in  th e  pathway, be ing  co n v e rted  to  g ib b e r ­
e l l i n s  A^ and A^. Jones R .L . (1967) has  r e c e n t l y  r e p o r te d  
th e  c o n v e rs io n  of g i b b e r e l l i n  A  ^ to  A^ i n  pea s e e d l in g s .  In  
view of th e s e  r e s u l t s  i t  would be i n t e r e s t i n g  to  i n v e s t ig a t e  
p o s s ib le  b io s y n th e t i c  r e l a t i o n s h i p s  between g i b b e r e l l i n s  I ,  I I  
and I I I  i n  th e  P . m u l t i f l o r u s  s e e d l in g .  I f  s i m i l a r  co n v e rs io n  
mechanisms were o p e ra t in g ,  the  s te p s  p o s s ib ly  would be
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g i b b e r e l l i n s  I  II-»  I I I ,  judging by t h e i r  p r o p e r t i e s  on a  
phosphate  b u f fe re d  p a r t i t i o n  column chromatogram. In  l i g h t -  
grown s e e d l in g s  t h i s  perhaps  could  th e n  inv o lv e  s to ra g e  and 
p o s s ib le  b io s y n th e s i s  o f g i b b e r e l l i n  I  in  th e  ro o t  system and 
i t s  c o n v e rs io n  t o  g i b b e r e l l i n  I I  and on to  g i b b e r e l l i n  I I I  in  
th e  co ty led o n s  o r a e r i a l  p a r t s  o f th e  p l a n t .
I t  must be s t r e s s e d  t h a t  th e  id e a s  ex p ressed  in  t h i s  
s e c t i o n  and th e  numerous o th e r  p o s s ib le  i n t e r p r e t a t i o n s  of 
th e  r e s u l t s  p re se n te d  can be reg a rd ed  as  no more th a n  
ex trem ely  t e n t a t i v e  working h y p o th e se s .  Only when th e r e  i s  
more d e t a i l e d  in fo rm a tio n  on th e  i d e n t i t y ,  b io s y n th e s i s ,  
s i t e s  of b io s y n th e s i s  and s i t e s  of a c t io n  of g i b b e r e l l i n s  
I ,  I I  and I I I  i n  th e  P .  m u l t i f l o r u s  s e e d l in g ,  v / i l l  th e  
e x a c t  s ig n i f i c a n c e  of th e  r e s u l t s  p re se n te d  in  t h i s  t h e s i s  
become c l e a r .
P u tu re  experim en ts
Por th e  hyp o theses  m entioned above to  be of any v a lu e ,  
th e y  must be capable  of b e in g  checked. T h is  t a s k  w u l d  be 
much s im p le r  i f  g i b b e r e l l i n s  I ,  I I  and I I I  had been p o s i t i v e l y  
i d e n t i f i e d  and were a v a i l a b le  in  m il l ig ra m  q u a n t i t i e s .  I t  
would th e n  be p o s s ib le  to  in v e s t ig a t e  th e  e f f e c t s  of exogenous 
a p p l i c a t i o n s  of g i b b e r e l l i n s  I ,  I I  and I I I  on COG or AMO-1618 
t r e a t e d  and u n t r e a te d ,  e t i o l a t e d  and l ig h t-g ro w n  P . m u l t i f l o r u s  
s e e d l in g s .  By fe e d in g  g i b b e r e l l i n s  I ,  I I  o r I I I  t o  s e e d l in g s  
d e p le te d  of t h e i r  n a t iv e  g i b b e r e l l i n s  by t re a tm e n t  w ith  growth
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r e t a r d a n t s  and l a t e r  d e tè rm in in g  th e  g i b b e r e l l i n  c o n te n t  o f 
th e  p l a n t s ,  i t  should be p o s s ib le  to  fo llo w  th e  subsequen t 
f a t e  of th e  a p p l ie d  g i b b e r e l l i n  and perhaps to  p o s tu la t e  
w ith  more c e r t a i n t y  th an  the p re v io u s  a t te m p t ,  th e  e x is te n c e  
of g i b b e r e l l i n  in te r c o n v e r s io n  pathways i n  th e  s e e d l in g .  I t  
should  be p o s s ib le  t o  i d e n t i f y  g i b b e r e l l i n s  I ,  I I  and I I I  
by u s in g  l a r g e r  s c a le  e x t r a c t io n  te c h n iq u e s ,  and th e  r e c e n t ly  
p u b lish e d  combined gas chromatography/mass sp ec tro m e try  
te c h n iq u e s  o f MacMillan ejb ^  (1967). T h is  however would 
no t so lve  th e  problem of making a v a i l a b le  m ill ig ra m  q u a n t i t i e s  
o f g i b b e r e l l i n s  I ,  I I  and I I I ,  so more i n d i r e c t  p ro ced u res  
must be employed to  examine th e  h y p o th e se s .
Prom a com parison of th e  endogenous g i b b e r e l l i n s  of 
e t i o l a t e d  s e e d l in g s  t h a t  have been exposed to  l i g h t  f o r  
in c r e a s in g  p e r io d s  of t im e , i t  may be p o s s ib le  to  c o r r e l a t e  
an in c re a s e  in  g i b b e r e l l i n  I I I  w ith  a  d ec rease  in  th e  l e v e l s  
of g i b b e r e l l i n  I I .  D e t a i l s  of th e  growth r a t e  of e t i o l a t e d  
s e e d l in g s  p lace d  in  l i g h t  might make i t  p o s s ib le  to  f u r t h e r  
l i n k  the  d ec rea se  in  g i b b e r e l l i n  I I  w ith  an  i n h i b i t i o n  of 
stem grov/th.
A s tudy  of th e  s i t e s  of g i b b e r e l l i n  b io s y n th e s i s ,  g ib b e r ­
e l l i n  in te r c o n v e r s io n s  and s i t e s  of a c t io n  i n  l i g h t -  and d a rk -  
grown s e e d l in g s  could  be made in  two ways. P i r s t  by making 
use o f [bhe ag a r  d i f f u s i o n  te c h n iq u e s  of Jones & P h i l l i p s  
(1964, 1966, 1967), and secondly  by i n v e s t i g a t in g  the  e f f e c t  
of e x c is io n  of a  p a r t i c u l a r  o rgan , or s e r i e s  of o rg ans , on
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th e  g i b b e r e l l i n  co n ten t  of th e  rem ainder of th e  s e e d l in g .
The d i s t i n c t  q u a n t i t a t i v e  d i s t r i b u t i o n  of g i b b e r e l l i n s  I ,
I I  and I I I  i n  th e  P . m u l t i f l o r u s  s e e d l in g ,  make i t  p a r t i c ­
u l a r l y  s u i t a b l e  t o  t h i s  kind of i n v e s t i g a t i o n .
The obvious method of s tu d y in g  bound g i b b e r e l l i n s  i s  to  
fe ed  a  s u i t a b ly  l a b e l l e d  g i b b e r e l l i n  p re c u rs o r  to  immature 
seed im m ediately  p r i o r  to  th e  s y n th e s i s  of l a r g e  q u a n t i t i e s  
of a c id  g i b b e r e l l i n s .  The f a t e  of th e  l a b e l l e d  g ib b e r e l l i n s  
cou ld  th e n  be fo llow ed  by an exam ination  o f  a c id ,  n e u t r a l  
and b u ta n o l - s o lu b le  f r a c t i o n s  d u r in g  seed m a tu ra t io n  and 
g e rm in a t io n  in  bo th  l i g h t  and d a rk n e ss .
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simuMCf
E th a n o l ic  e x t r a c t s  from le a v e s  and a p i c a l  buds, s tem s, 
c o ty led o n s  and r o o t s  of l i g h t -  and dark-grow n P . m u l t i f l o r u s  
s e e d l in g s  were run  th rough  a  c a t io n  fo llow ed  by an an ion  
exchange r e s i n  column. The a c id  f r a c t i o n  was e lu te d  from 
th e  an ion  column v/ith l .O h  form ic a c id  (Jones P .P .  1964) 
and t r e a t e d  .with b a s ic  le ad  a c e ta te  t o  p r e c i p i t a t e  f u r t h e r  
im p u r i t i e s  (Radley 1963). The s u p e rn a ta n t  v/as a d ju s te d  to  
pH 2 .8  and p a r t i t i o n e d  th r e e  tim es  w ith  one t h i r d  volume 
e t h y l  a c e t a t e ,  and th e  combined e th y l  a c e t a t e  e x t r a c t s  were 
c o n c e n tra te d  to  d ry n e s s .  The c o n c e n tra te d  e x t r a c t  was th e n  
s e p a ra te d  in to  e le v e n  f r a c t i o n s  on a  phosphate  b u f fe re d  
c e l i t e  column (Kende and Lang 1964) and th e  e lev en  f r a c t i o n s  
t e s t e d  f o r  g i b b e r e l l i n - l i k e  a c t i v i t y  w i th  th e  b a r le y  
endosperm a ssay  (H icho ls  & P a le g  1963) and th e  l e t t u c e  b io ­
a ssay  (P rank land  & Wareing I9 60 , P a leg  e t  al  196 4 ). In  a l l  
t l i r e e  d i s t i n c t  a r e a s  o f  g i b b e r e l l i n - l i k e  a c t i v i t y  were 
d e te c te d ,  g i b b e r e l l i n  I  c e n tre d  over f r a c t i o n s  2 -4 , g i b b e r e l l i n  
I I  i n  f r a c t i o n s  6-7 and g i b b e r e l l i n  I I I  i n  f r a c t i o n  11.
G ib b e r e l l in  I  was a c t iv e  i n  the  b a r le y  endosperm and 
l e t t u c e  a s s a y s .  When ru n  on t h i n  l a y e r  chromatograms in  a  
range of s o lv e n t  sys tem s, g i b b e r e l l i n  I  moved very  s im i l a r ly  
to  g i b b e r e l l i n s  and A^, bu t i t s  e l u t i o n  from a  phosphate 
b u f fe re d  c e l i t e  column in  f r a c t i o n s  2-4 i s  q u i te  d i f f e r e n t  
from g i b b e r e l l i n s  A^ and A^ which a re  no t r e le a s e d  u n t i l  
f r a c t i o n s  9 and 11. Prom a com parison of p a r t i t i o n  column
I l l
chrom atography, t h i n  la y e r  chromatography and b io a s s a y  
p r o p e r t i e s  i t  ap p ea rs  p robab le  t h a t  g i b b e r e l l i n  I  i s  
i d e n t i c a l  w ith  n e i t h e r  g i b b e r e l l i n  A^, A^, k y  k y  k y  k y  
Ay, Ag, Ag, k y . ,  A^^, A^2 > ^ 1 4 > A^g o r  Bamboo g i b b e r e l l i n .
A sh o r ta g e  of comparable d a ta  makes i t  im poss ib le  to  r u l e  out 
g i b b e r e l l i n  A^^, L u p in us-I  g i b b e r e l l i n ,  compound b or 
Phase o lu s  c<o
G ib b e r e l l in  I I  i s  a c t i v e  in  th e  b a r le y  endosperm a ssay  
b u t r e l a t i v e l y  in a c t iv e  in  th e  l e t t u c e  a s s a y .  I t s  e l u t i o n  
p r o p e r t i e s  on a phosphate  b u f fe re d  c e l i t e  column imply t h a t  
i t  i s  more h y d ro x y la ted  th a n  g i b b e r e l l i n  I ,  a l th o u g h  i t s  
m o b i l i ty  on t h i n  l a y e r  chromatograms i s  very  s i m i l a r  to  
g i b b e r e l l i n  I ,  i n  so f a r  a s  i t  moves w ith  g i b b e r e l l i n  A^ and 
A^ in  a l l  s ix  so lv e n t  system s used d u r in g  th e  course  of th e  
i n v e s t i g a t i o n .  L ike g i b b e r e l l i n  I  i t  was n o t  p o s s ib le  to  
i d e n t i f y  g i b b e r e l l i n  I I  a s  e i t h e r  one o f  t h e  sev en teen  
c h a r a c t e r i s e d  g i b b e r e l l i n s ,  compound b or P h aseo lu s
G ib b e r e l l in  I I I  i s  a c t iv e  in  the  b a r le y  endosperm a s sa y ,  
bu t d id  no t show a  p o s i t iv e  response  in  th e  l e t t u c e  a ssay  
p o s s ib ly  because i t s  e f f e c t  was masked by i n h i b i t o r s .  I t s  
m o b i l i ty  on p a r t i t i o n  column and t h i n  l a y e r  chromatograms 
was v e ry  s im i l a r  to  t h a t  of g i b b e r e l l i c  a c i d .
G ib b e r e l l in s  I ,  I I  and I I I  have d i f f e r e n t  d i s t r i b u t i o n s  
i n  th e  organs of d a rk -  and l ig h t-g ro w n  P . m u l t i f l o r u s  seed­
l i n g s .  Leaves and buds of l ig h t-g ro w n  s e e d l in g s  c o n ta in  
g i b b e r e l l i n s  I I  and I I I ,  stems have low l e v e l s  of g i b b e r e l l i n s
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I ,  I I  and I I I ,  w hile  co ty ledo ns  c o n ta in  g i b b e r e l l i n  I I  and 
r o o t s  g i b b e r e l l i n  I .  Leaves and buds of e t i o l a t e d  s e e d l in g s  
c o n ta in  g i b b e r e l l i n s  I  and I I ,  stems have a  s im i l a r  g ib b e r e l ­
l i n  c o n te n t  and co ty led o n s  c o n ta in  g i b b e r e l l i n  I I ,  w hile  r o o t  
e x t r a c t s  c o n ta in  no g i b b e r e l l i n - l k e  su b s tan ce s  t h a t  a re  a c t iv e  
in  e i t h e r  th e  l e t t u c e  or b a r le y  endosperm a s s a y s .
I t  ap p ears  p robab le  t h a t  one of th e  e f f e c t s  o f l i g h t  on 
P . m u l t i f l o r u s  s e e d l in g s  i s  t o  induce th e  p ro d u c tio n  of 
g i b b e r e l l i n  I I I  and i t s  accum ula tion  in  le a v e s  and a p i c a l  
bud s . I t  i s  only p o s s ib le  to  s p e c u la te  a s  to  th e  s ig n i f i c a n c e  
of th e  d i s t r i b u t i o n  o f the  endogenous g i b b e r e l l i n s  in  th e  
s e e d l in g ,  and th e  d i f f e r e n t  g i b b e r e l l i n  c o n te n t  of l i g h t -  and 
dark-grow n s e e d l in g s  can be re g a rd ed  a s  no more th a n  a d i f f e r ­
ence in  th e  s to ra g e  of g i b b e r e l l i n s  I  and I I ,  which may or 
may no t r e f l e c t  d i f f e r e n t  s i t e s  of g i b b e r e l l i n  b io s y n th e s i s  
b e in g  u t i l i z e d  by l i g h t -  and dark-grown s e e d l in g s .
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Appendix 1
R e la tiv e  a c t i v i t y  of P haseo lus se e d lin g  
g ib b e r e l l in s  in  the B arley  endosperm 
and le t tu c e  hypoco ty l b io a s s a y s .
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M acM illan & S u te r (1963) claim ed th a t  th e  e th a n o l/s u lp h u r ic  
a c id  (95 : 5) sp ray , used to  d e te c t  g ib b e r e l l in s  a s  f lu o r e s ­
c e n t sp o ts  on th in  la y e r  chromatograms, was s e n s i t iv e  to  
0.00025/% of g ib b e r e l l in  and 0.0]yx,g of g ib b e r e l l in  A^.
T his e s tim a te  was o p t im is t ic ;  in  th e  p re se n t  in v e s t ig a t io n  
g ib b e r e l l in  A  ^ s tan d a rd s  could only be d e te c te d  a t  l e v e ls  
above 0.05yug. Working from t h i s  f ig u re  i t  seems th a t  th e  
low est d e te c ta b le  l e v e l  of g ib b e r e l l in  A  ^ w i l l  be approx im ate ly  
2.0y%. From th e  r e l a t i v e  i n t e n s i t i e s  of a c t iv a t io n  aid em is­
s io n  s p e c tr a  of g ib b e r e l l in s  A^ -^Ag (E lson e t  1964), i t  
seems l i k e ly  th a t  th e  i n t e n s i t i e s  of f lu o re s c e n t  sp o ts  of 
g ib b e r e l l in s  A^, Ag, A^, Ag, Ag and Ag a re  of th e  same o rd er 
a s  g ib b e r e l l in  Ag, i . e .  th e  low er l im i t  o f v is u a l  d e te c tio n  
i s  2.C/ig. G ib b e re llin  A  ^ has in te rm e d ia te  f lu o re sc e n c e  
in te n s i ty  and i t s  low er l im i t s  of d e te c tio n  could be around 
0.5/Ag.
D uring th e  course of th e  p re se n t in v e s t ig a t io n  th e re  were 
s e v e ra l  u n su c c e ss fu l a tte m p ts  to  d e te c t  f lu o re s c e n t  sp o ts  on 
th in  la y e r  chrom atogram s, by th e  method of M acM illan & S u ter 
(1963). The average q u a n tity  used in  th e se  a tte m p ts  was about 
10^ of th e  t o t a l  g ib b e r e l l in  I , I I  or I I I  in  an e x t r a c t .  There 
were two ex c e p tio n s ; 25^ of g ib b e r e l l in  I  from an e x t r a c t  of 
r o o ts  of lig h t-g ro v /n  s e e d lin g s  and a s im ila r  amount of 
g ib b e r e l l in  I I  from an e x t r a c t  o f e t io la te d  le a v e s , were 
in v e s t ig a te d . For s u c c e s s fu l  f lu o re sc e n c e  d e te rm in a tio n s
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u s in g  25 /^  e x t r a c t  sam ples, th e re  must be a t  l e a s t  8.0/4g of 
most s tan d a rd  g ib b e r e l l in s ,  2.0/% of g ib b e r e l l in  Arj or 0.2yUg 
of g ib b e r e l l in  A^, in  th e  t o t a l  e x t r a c t .
The a c t i v i t y  of g ib b e r e l l in s  in  a b io a ssay  i s  e s tim a ted  
as  g ib b e r e l l i c  a c id  e q u iv a le n ts  and the response  of th e  assay  
v a r ie s  q u a n t i ta t iv e ly  v /ith  th e  in d iv id u a l  g ib b e r e l l in s .  In  
th e  p re se n t in v e s t ig a t io n s  e x t r a c t s  were d i lu te d  37•5 -fo ld  
b e fo re  being  te s te d  fo r  g ib b e r e l l in - l ik e  a c t i v i t y ,  w ith  the  
b a r le y  endosperm a s sa y . T herefo re  i f  s tan d a rd  g ib b e re l l in s  
were p re se n t in  e x t r a c t s ,  in  q u a n t i t ie s  s u f f i c ie n t  f o r  
su c c e s s fu l v is u a l  i d e n t i f i c a t i o n  by f lu o re sc e n c e  on th in  la y e r  
chromatograms u s in g  25^ of th e  t o t a l  e x t r a c t  and e x tra p o la t in g  
from th e  d a ta  of P a le g e t  ^  (1964), th e  e s tim a ted  A  ^ e q u iv a l­
e n ts  of th e se  m inim al q u a n t i t ie s  in  th e  b a r le y  endosperm assay  
must be as fo llo w s:
G ib b e re llin
g A  ^ e q u iv a le n ts  in  
b a r le y  endosperm assay







in a c tiv e
in a c t iv e
G ib b e re llin s  A^, A  ^ and Ay a re  a c tiv e  in  the  assay  and 
induce a r e l a t i v e ly  la rg e  response  b e fo re  a t t a in in g  concen-
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t r a t io n s  a t  which f lu o re sc e n c e  d a ta  a re  o b ta in a b le . G ibber­
e l l i n  Aj i s  eq u a lly  a c tiv e  in  th e  a ssa y , b u t as i t  has a 
h ig h e r  f lu o re sc e n c e  in te n s i ty  i t  can be d e te c te d  chem ica lly  
in  low er q u a n t i t ie s  th a n  g ib b e re l l in s  A^, A^ or Ay. G ibber­
e l l i n s  Ag, Ag, Ag, and Ag a re  r e l a t i v e l y  in a c t iv e  in  th e  
b a r le y  endosperm assay  and so can be d e te c te d  as  f lu o re s c e n t  
sp o ts  on chrom atogram s, w ith o u t inducing  too  g re a t  a  re sp o n se , 
a t  th e  a p p ro p ria te  d i lu t io n ,  in  t h i s  a s s a y .
B arley  endosperm assay s  d e te c te d  approx im ate ly  0.025yUg 
Ag e q u iv a le n ts  of g ib b e r e l l in  I  in  a ro o t  e x t r a c t  (F ig . 11 ), 
and 0 .0 ]^ g  Ag e q u iv a le n ts  of g ib b e r e l l in  I I  in  an e x t r a c t  of 
e t io l a t e d  le a v e s  (F ig . 1 3 ). As no f lu o re sc e n c e  was observed 
in  e i t h e r  of th e se  e x t r a c t s ,  i t  appears  l i k e ly  t h a t  g ib b e r e l l in s  
I  and I I  a re  l ik e  g ib b e r e l l in s  A ^,  Ag, A^ and Ay, in  being  
r e l a t i v e l y  a c tiv e  in  th e  b a r le y  endosperm a ssa y .
A s im ila r  e x tra p o la t io n  u sin g  le t tu c e  hypoco ty l b io assay  
d a ta  of B rian  jet aA (1964), i s  produced below . In  t h i s  
in s ta n c e  e x t r a c t s  were d i lu te d  f i f t e e n - f o l d  b e fo re  being
b io a ssa y e d . ^ t t^ c e ^ ^ S p o c o ty l  S s a y
A4 0 . 2
A? 0.3
Ag 0 . 1
A3 0 .0 1 5




Ag in a c t iv e
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G ib b e re ll in  I  from an e x t r a c t  o f ro o ts  of lig h t-g ro w n  se e d lin g s  
gave a response in  th e  le t tu c e  hypoco ty l assay  of approx im ately  
0 . 0 8 / A g  Ag e q u iv a le n ts  (F ig . 1 1 a). As t h i s  e x t r a c t  d id  no t 
y ie ld  any f lu o re s c e n t  d a ta , i t  appears  l ik e ly  t h a t  g ib b e r e l l in  
I  i s  one of th e  more a c tiv e  g ib b e r e l l in s  in  th e  le t tu c e  
hypoco ty l a ssa y , as  v /e ll as in  th e  b a r le y  endosperm a s sa y .
The above e x tra p o la tio n s  a re  based on e s tim a te d  low er 
l im i t s  of f lu o re sc e n c e  d e te c tio n  of s ta n d a rd  g ib b e r e l l in s ;  
th e se  would however have to  be ex trem ely  in a c c u ra te  to  
in v a l id a te  th e  c o n c lu s io n s . A more im portan t p o in t i s  t h a t  
i t  i s  assLimed th a t  th e  f lu o re sc e n c e  i n t e n s i t i e s  of g ib b e r e l l in s  
I  and I I  a re  approx im ately  s im ila r  to  th o se  o f g ib b e r e l l in s  
Ai-Ag; i t  i s  however p o s s ib le  th a t  g ib b e r e l l in s  I  and I I  a r e ,  
l ik e  Bamboo and B up inus-I g ib b e r e l l in s ,  only weakly 
f lu o re s c e n t*
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Appendix 2
B arley  endosperm b io assay  r e s u l t s  
(?/eight of reducing  sugar and 
p ro te in  exp ressed  in  mgm/lOO mgm 
of endosperm .)
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B arley  Endosperm B ioassay : d a ta  f o r  F igu re  7 .
V a r ie ty  of B arley  : Graupenkorn In c u b a tio n : 24 h © 30^0












C on tro l 0.273







B arley  Endosperm B ioassay : d a ta  f o r  F igu re  8 .
V a r ie ty  of B a r le y : S ag a ta iry u  Do. 2 (1965)
In c u b a tio n : 40 hours @ 30^0 
F ra c tio n s  d i lu te d  37*5 -fo ld












i t ro l 0.086 0.098







B arley  Endosperm B ioassay : d a ta  f o r  F igu re  9.
V a r ie ty  of B a rley : S ag a ta iry u  Do.2 (1965)
In c u b a tio n : 32 hours @ 30^0 
F ra c tio n s  d i lu te d  3 7 .5 -fo ld










F-10 0 .2 5 0 0.116
F-11 0.318 0.147
C o n tro l 0 .292 0.139






B arley  Endosperm B ioassay : d a ta  f o r  E igure 10.
V a r ie ty  of B arley : S ag a ta iry u  Do.2 (1966)
In cu b a tio n : 30 hours @ 32°C
F ra c tio n s  d i lu te d  37 . 5- fo ld





F-5 0 .5 8 8 0.168
F-6 0.747 0 .1 7 6
F-7 0.535 0.164
F-8 0.419 0.134
F-9 0.373 0 . 1 2 2
F-10 0.379 0 .1 4 6
F-11 0.383 0.131
C o n tro l 0.264 0.125
lO - l lg Ag/ml 0.291 0.135
10- 1° 0 .3 2 8 0.143




B arley  Endosperm B ioassay ; d a ta  f o r  E igure 11.
V a r ie ty  of B arley ; S ag a ta iry u  ITo.2  (1966)
In c u b a tio n ; 33 hours @ 33°C
E ra c tio n s  d i lu te d  3 7 .5 -fo ld
E ra c tio n  Eo. Kean mg red u c in g  sugar Mean mg p ro te in  
E-1 0.490 0 .131
E-2 1.857 0 .339
E-3 3.073 0 .4 6 0
E-4 1.549 0.339
E-5 0.755 0.198
E- 6  0 .606 0.145
E-7 0.647 0.151
E- 8  0.565 0.160
Ee9 0.451 0.147
E-10 0.447 0.153
E i l l  0 .387 0.154
C o n tro l ' 0.343 0 .122
1 0 " llg  A^/ml 0.403 0.143
10"1° 0.401 0 .161
10 " ^  0 .5 8 0  0 .1 7 0
10 “ ® 2 .576  0 .3 8 1
10"7 5.465 0.648
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B arley  Endosperm B ioassay : d a ta  f o r  F igu re  12
V a r ie ty  of B arley : S ag a ta iry u  Do.2 (1965)
In c u b a tio n : 34 h ou rs @ 32^0 
F ra c tio n s  d i lu te d  37•5- fo ld
F ra c tio n  Do. Mean mg reducing  sugar Mean mg p ro te in
F-1 0.434 0 .136
F-2 0.769 0.144
F-3 0.699 0.128
F-4 0.208 0 .1 3 0
F-5 0.407 0 .1 3 8
F-6 0 .686 0.144
F-7 0 .4 6 8 0 .1 3 2
F-8 0.073 0.109
F-9 0.093 0.116
F-10 0 .1 3 6 0.127
F-11 0.093 0 .1 2 2
i t r o l 0 .1 1 2 0 .1 0 0
10 0.159 0 .0 9 6
10 - 1° 0 .1 1 0 0.114
10-9 0.299 0.114
10-® 1.499 0 .306
10-7 3.079 0 .5 2 8
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B arley  Endosperm B ioassay : d a ta  f o r  E igure 13*
V a r ie ty  of B a r le y : Gambrinus
In cu b a tio n : 34 hours @ 33^0 E ra c tio n s  d i lu te d  37 #5- fo ld
E ra c tio n  Do. Mean mg red u c in g  sujgar Mean mg p ro te in
E-1 0.470 0.344
E-2 0.466 0 .4 8 8
E-3 0.415 0.456
E-4 0 .811 0.474
E-3 3.266 0.643
E-6 7.900 0 .8 9 2




E-11 0 .2 3 0 0.329
i t r o l 0.346 0.467
10"^°g A^/ml 0 .5 2 2 0.515
10-9 1 .2 1 2 0.536
10-® 11.051 1.062
10-7 1 8 .6 4 2 1 .3 0 6
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B arley  Endosperm B ioassay : d a ta  f o r  E igure 14.
V a rie ty  of B a rle y : Gambrinus
In c u b a tio n ; 37 hours @ 33°C E ra c tio n s  d i lu te d  3 7 .3 -fo ld
E ra c tio n  Do. Mean mg red u c in g  sugar Mean mg p ro te in
E-1 0.756 0.366
E-2 0 .5 5 1 0.398
E-3 0.629 0 .4 0 9
E-4 5.343 0.795




E-9 2 .573 0.958
E-10 1.221 0 .525
E-11 1.258 • 0.560
G ontro l 0.414 0 .4 0 5
10“^°g A3/H1I 0.446 0 .5 0 2
10-9 1 .0 4 2 0.537
10-® 6.283 0.820
10-7 1 9 .3 7 0 1.454
14-4
B arley  Endosperm B ioassay : d a ta  f o r  E igure 15*
V a r ie ty  of B a rle y : S ag a ta iry u  Do.2 (1965)
In c u b a tio n : 33 hours @ 33^0 
E ra c tio n s  d i lu te d  3 7 .5 -fo ld
E ra c tio n  Do. Mean mg reducing  sugar Mean mg p ro te in
E-1 0.323 0.182
E-2 0 .2 7 2 0.163
E-3 0 .2 3 2 0.159
E-4 0.311 0.174
E-5 0.385 0 .2 1 0
E-6 1 .046 0.245
E-7 1.268 0.203
E-8 0 .9 1 6 0.227
E-9 0.592 0.179
E-10 0 .402 0.184
E-11 0.225 0.149
C on tro l 0 .2 0 0 0.163
10“^^g A^/ml 0.262 0 .1 7 0
10- 1° 0.237 0.177
10-9 0.329 0 .1 5 1
10-® 2 .386 0.325
10-7 5.109 0.772
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B arley  Endosperm B ioassay ; d a ta  f o r  E igure 16.
V a rie ty  o f B arley ; S ag a ta iry u  H o.2 (1965) 
In c u b a tio n ; 33 hours @ 33°C 
E ra c tio n s  d i lu te d  3 7 . 5- fo ld
E ra c tio n  Ho. Mean mg reducing  sugar Mean mg p ro te in  
E-1 0.245 0.117
E-2 0.184 0.134
E-3 0 .199 0.174
E-4 0.273 0.173
E-5 0.297 0.180
E-6  0 .335 0.203
E-7 0.297 0.159
E- 8  0 .397 0.159
E-9 0.374 0.160
E-10 0 .151 0.159
E-11 0 .191 0.167
C on tro l 0.199 0.147
10"^^g A^/ml 0.212 0.168
1 0 '1 °  0 .203 0.164
10-9 0.360 0.173
10-® 1.997 0.397
10-7 4.927 0 .881
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B arley  Endosperm B ioassay : d a ta  fo r  F igu re  17
V a r ie ty  of B arley : Gambrinus 
In c u b a tio n : 38 hours @ 32^0
E ra c tio n  Do» Mean mg red u c in g  sugar Mean mg p ro te in
Rf 0 .0  -  0 .1 0 .3 8 2 0.414
Rf 0 .1  -  0 .2 0.293 0.403
Rf 0 .2  -  0 .3 0 .2 0 2 0.434
Rf 0 .3  -  0 .4 0 .351 0.413
Rf 0 .4  -  0 .5 9.331 1.175
Rf 0 .5  -  0 .6 0.281 0.419
Rf 0 .6  -  0 .7 0.325 0 .4 0 2
Rf 0 .7  -  0 .8 0 .3 6 0 0.419
Rf 0 .8  -  0 .9 0.254 0.332
Rf 0 .9  -  1 .0 0.279 0 .3 6 2
G ontro l 0 .236 0.395
10"^°g A^/ml 0.183 0.311
10-9 0.253 0 .3 8 0
10-® 2.325 0 .7 8 1
10-7 6.873 1 .2 3 0
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B arley  Endosperm B ioassay : d a ta  fo r  E ig u re ^18.
V a rie ty  o f B arley : Gambrinus 
In c u b a tio n ; 39 hours © 33°G
E ra c tio n  Mean mg red u c in g  su g ar Mean mg p ro te in
Rf 0 .0 -0 .1  1.475 0.277
Rf 0 .1 -0 .2  1.110 0.278
Rf 0 .2 -0 .3  0.243 0.223
Rf 0 .3 -0 .4  0.422 0.159
Rf 0 .4 -0 .5  0.623 0.198
Rf 0 .5 - 0 .6  0 .234 0.161
Rf 0 .6 -0 .7  0.195 0.167
Rf 0 .7 -0 .8  0.208 0.165
Rf 0 .8 -0 .9  0.446 0.193
Rf 0 .9 -1 .0  0.187 0.193
C on tro l 0 .457 0.387
10“ ^°g A^/ml 0.476 0.486
10"9 1.255 0.454
10“ ® 7.293  1.091
10“7 20.059 1.366
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B arley  Endosperm B ioassay : d a ta  f o r  E igure 19»
V a r ie ty  o f B a rley : Gambrinus 
In c u b a tio n : 39 hours @ 33^G
E ra c tio n  Do». . Mean mg red u c in g  sugar Mean mg p ro te in
R fO .O  -  0 .1 10.197 1.115
Rf 0 .1  -  0 .2 0.271 0.193
Rf 0 .2  -  0 .3 0 .2 4 0 0 .1 7 8
Rf 0 .3  -  0 .4 0.327 0.197
Rf 0 .4  -  0 .5 0.294 0.216
Rf 0 .5  -  0 .6 0 .6 3 8 0.223
Rf 0 .6  -  0 .7 0 .414 0.249
Rf 0 .7  -  0 .8 0 .276 0 .2 9 2
Rf 0 .8  -  0 .9 0 .4 2 1 0.207
Rf 0 .9  -  1 .0 0.394 0.224
G ontro l 0.457 0.387
10 - 1° 0.476 0 .4 8 6
10-9 1.255 0.454
10-® 7.293 1.091
10-7 20.059 1 .3 6 6
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B arley  Endosperm B ioassay : d a ta  f o r  E igure 20.
V a r ie ty  of B a rley : S ag a ta iry u  No.2 
In c u b a tio n : 33 hours @ 33^0
F ra c tio n  No.  ^ Mean mg reducing  sugar Mean mg p ro te in
Rf 0 .0  -  0 .1 2 .355 0,318
Rf 0 .1  -  0 .2 0.361 0 .1 4 0
Rf 0 .2  -  0 .3 0 .2 7 3 0 .1 1 4
Rf 0 .3  -  0 . 4. 0.238 0.080
Rf 0 .4  -  0 .5 0 .1 9 5 0.063
Rf 0 .5  -  0 .6 0.211 0 .0 7 7
Rf 0 .6  -  0 .7 0.219 0 .0 9 0
Rf 0 .7  -  0 .8 0 .2 0 7 0 .0 5 9
Rf 0 .8  -  0 .9 0.246 0 .0 7 7
Rf 0 .9  -  1 .0 0.276 0.098
C on tro l 0 .2 7 0 0 .1 1 9
10"^°g A^/ml 0.262 0.128
10-9 0 .2 5 3 0 .1 2 9
10-8 0 .831 0 .1 5 9
10-7 5 .1 0 2 0.636
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B arley  Endospenji B ioassay : d a ta  f o r  F igu re  21
V a r ie ty  of B arley : Cambrinus 
In c u b a tio n : 37 hours ® 32°G
F ra c tio n  ' . Mean mg red u c in g  sugar Mean mg p ro te in
Rf 0 .0  -  0 .1  0.185 0 .401
Rf 0 .1  -  0 .2  0.508 0.516
Rf 0 .2  -  0 .3  0.257 0.497
Rf 0 .3  -  0 .4  0.650 0.455
Rf 0 .4  -  0 .5  0 .791 0.519
Rf 0 .5  -  0 .6  0 .261 0.399
Rf 0 .6  -  0 .7  0 .254 0.510
Rf 0 .7  -  0 .8  0.232 0.447
Rf 0 .8  -  0 .9  0.322 0.569
Rf 0 .9  -  1 .0  0.223 0.413
O ontro l 0 .340  0.492
10"^°g A^/ml 0 .271  0.593
10” 9 0.659 0 .554
10“® 8.743 1.205
10“ 7 17.722 1.717
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B arley  Endosperiji B ioassay : d a ta  f o r
V a rie ty  o f B arley : Cambrinus 
In c u b a tio n : 39 hours © 33^0
F ra c tio n . * Mean mg reducing  sugar
F igu re  22.
Mean mg pro-
Rf 0 .0  - 0 .1 1.283 0.627
Rf 0 .1  - 0 .2 1.010 0.611
Rf 0 .2  - 0 .5 0.892 0.545
Rf 0 .3  - 0 .4 0.575 0.515
Rf 0 .4  - 0 .5 6.028 0,951
Rf 0 .5  - 0 .6 0.383 0.563
Rf 0 .6  - 0 .7 0.346 0.523
Rf 0 .7  - 0 .8 0.394 0.589
Rf 0 .8  - 0 .9 0.473 0.596
Rf 0 .9  - 1 .0 0,488 0,631
C on tro l 0.282 0.534





B arley  Endosperm B ioassay : d a ta  f o r  F igu re  23.
V a rie ty  of B arley : Cambrinus 
In c u b a tio n : 37 hours @ 33^0
F ra c tio n s Mean mg red u c in g  sugar Mean mg p
Rf 0 .0  -  0 .1 7.100 0.796
Rf 0 .1  -  0 .2 1.641 0.488
Rf 0 .2  -  0 .3 1.802 0.517
Rf 0 .3  -  0 .4 0.691 0.393
Rf 0 .4  -  0 .5 0.924 0.476
Rf 0 .5  -  0 .6 0.717 0.420
Rf 0 .6  -  0 .7 1.614 0.393
Rf 0 .7  -  0 .8 2.703 0.408
Rf 0 .8  -  0 .9 2.321 0.426
Rf 0 .9  -  1 .0 1.315 0.430
C on tro l 0.414 0.405





B arley  Endospenn Assay: d a ta  f o r  F igure  24
V arie ty of B arley : Cambrinus
In c u b a tio n : 40 hours @ 33^0
F ra c tio n Mean mg reducing  sugar Mean mg p ro te in
Rf 0 .0  - 0 .1 15.296 1.029
Rf 0 .1  - 0 .2 4.808 0.403
Rf 0 .2  —0.3 1.346 0.287
Rf 0 .3  - 0 .4 0.469 0.204
Rf 0 .4  - 0 .5 0.392 0.253
Rf 0.5  - 0 .6 6.260 0.459
Rf 0 .6  —0.7 0.782 0.206
Rf 0 .7  —0.8 0.220 0.174
Rf 0 .8  —0.9 0.160 0.251
Rf 0 .9  - 1 .0 0.196 0.231
C on tro l 0.202 0.199





B arley  Endosperm B ioassay : d a ta  f o r  F igu re  25.
V a rie ty  of B arley : Cambrinus 
In c u b a tio n : 39 hours @ 32^0
F ra c tio n Mean mg red u c in g  sugar Mean mg
Rf 0 .0  -  0 .1 5.708 0.957
Rf 0 .1  -  0 .2 1.258 0.445
Rf 0 .2  -  0 .3 1.206 0.549
Rf 0 .3  -  0 .4 0.802 0.495
Rf 0 .4  -  0 .5 0.860 0.460
Rf 0 .5  -  0 .6 0.512 0.389
Rf 0 .6  -  0 .7 1.038 0.551
Rf 0 .7  -  0 .8 0.926 0.536
Rf 0 .8  -  0 .9 0.970 0.454
Rf 0 .9  -  1 .0 0.816 0.419
C on tro l 0.740 0.464





B arley  Endospenn B ioassay ; d a ta  f o r  F igu re  26
V a r ie ty  of B arley ; Cambrinus 
In c u b a tio n : 40 hours @ 33°C
F ra c tio n  Mean mg reducing  sugar Mean mg p ro te in  
Rf 0 .0  -  0 .1  2.165 0.343
Rf 0 .1  -  0 .2  0.296 0.222
Rf 0 .2  -  0 .3  1.023 0.264
Rf 0 .3  -  0 .4  17.686 0.885
Rf 0 .4  -  0 .5  0.379 0.219
Rf 0 .5  -  0 .6  0.542 0.246
Rf 0 .6  -  0 .7  0.463 0.269
Rf 0 .7  -  0 .8  2.274 0.265
Rf 0 .8  -  0 .9  0 .671 .0 .1 9 4
Rf 0 .9  -  1 .0  0.469 0 .230
C on tro l 0 .202 0.199
10“ ^®g A^/ml 0.216 0.181
10“ 9 1.314 0.206
10“® 9.674 0 .571
10“7 14.948 0.892
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B arley  Endospenn B ioassay : d a ta  fo r  F igu re  27.
V a rie ty  o f B arley : Cambrinus 
In c u b a tio n : 37 hours @ 32^C
F ra c tio n Mean mg red u c in g  sugar Mean mg ■
Rf 0 .0  -  0 .1 0.452 0.455
Rf 0 .1  -  0 .2 0.252 0.434
Rf 0 .2  -  0 .3 0.247 0.422
Rf 0 .3  -  0 .4 0.248 0.425
Rf 0 .4  -  0 .5 18.120 1.669
Rf 0 .5  -  0 .6 0.256 0.353
Rf 0 .6  -  0 .7 0 .694 0.494
Rf 0 .7  -  0 .8 0.362 0.461
Rf 0 .8  -  0 .9 1.556 0.609
Rf 0 .9  -  1 .0 0.291 0.376
C on tro l 0 .340 0.492
10” A^/ml 0 .271 0.593




B arley  Endosperm B ioassay : d a ta  f o r  F igu re  28
V a r ie ty  o f B arley : Cambrinus 
In c u b a tio n : 39 hours @ 35°C
F ra c tio n s Mean mg red u c in g  sugar Mean mg
Rf 0 .0  -  0 .1 3.415 1.039
Rf 0 .1  -  0 .2 0.994 0.669
Rf 0 .2  -  0 .3 0.267 0.439
Rf 0 .3  -  0 .4 0.207 0.390
Rf 0 .4  -  0 .5 0.221 0.434
Rf 0 .5  -  0 .6 0.169 0.353
Rf 0 .6  -  0 .7 0.185 0.361
Rf 0 .7  -  0 .8 0.297 0.427
Rf 0 .8  -  0 .9 0 .184 0.303
Rf 0 .9  -  1 .0 0.233 0.340
C on tro l 0.172 0.351





B arley  Endosperm B ioassay : d a ta  f o r  F igure  29*
V a rie ty  of B arley : Cambrinus 
In c u b a tio n : 39 hours @ 33^C
F ra c tio n s  Mean mg reducing  sugar Mean mg pro
Rf 0 .0  -  0 .1 4.693 0.919
Rf 0 .1  -  0 .2 0.222 0.398
Rf 0 .2  -  0 .3 0.190 0.378
Rf 0 .3  -  0 .4 0.125 0.345
Rf 0 .4  -  0 .5 0.212 0.400
Rf 0 .5  -  0 .6 0.167 0.412
Rf 0 .6  T 0 .7 0.251 0.441
Rf 0 .7  -  0 .8 0.222 0.441
Rf 0 .8  -  0 .9 0.240 0 .5 1 0
Rf 0 .9  -  1 .0 0.231 0.458
C on tro l 0.172 0.351





B arley  Endospenn B ioassay : d a ta  fo r  F igu re  30
V a r ie ty  of B a r le y : Cambrinus 
In c u b a tio n : 39 hours © 32°C
F ra c tio n s Mean mg red u c in g  sugar Mean mg
Rf 0 .0 -  0 .1 2.262 0.577
Rf 0 .1 -  0 .2 1.420 0.482
Rf 0 .2 -  0 .3 1 .3 0 2 0.604
Rf 0 .3 — 0 .4 6.784 1.237
Rf 0 .4 -  0 .5 0.677 0.484
Rf 0 .5 -  0 .6 0.778 0.514
Rf 0 .6 -  0 .7 0.758 0.534
Rf 0 .7 — 0 .8 0.588 0.214
Rf 0 .8 — 0 .9 0.768 0.424
Rf 0 .9 -  1 .0 0.742 0.549
C ontro l 0 .740 0.464





B arley  Endosperm B ioassay : d a ta  f o r  F igure  31
V a rie ty  of B a rley : Cambrinus 
In c u b a tio n : 38 hours @ 32^C
F ra c tio n s  ■ Mean mg red u c in g  su g ar Mean mg p;
Rf 0 .0  -  0 .1 0.738 0.537
Rf 0 .1  -  0 .2 0 .3 0 0 0.499
Rf 0 .2  -  0 .3 0.546 0.497
Rf 0 .3  -  0 .4 0 .234 0.456
Rf 0 .4  -  0 .5 5.002 0.827
Rf 0 .5  -  0 .6 0.176 0.493
Rf 0 .6  -  0 .7 0.566 0,562
Rf 0 .7  -  0 .8 0 .300 0.449
Rf 0 .8  -  0 .9 0.448 0.526
Rf 0 .9  -  1 .0 0.272 0.477
C on tro l 0.278 0.461





B arley  Endospenn B ioassay : d a ta  f o r  F igu re  32.
V a r ie ty  of B a r le y : Cambrinus 
In c u b a tio n : 38 hours @ 32^C
F r a c t io n s < Mean mg reducing  sugar Mean mg p ro te in
Rf 0 .0  -  0 .1 1.982 0.835
Rf 0 .1  -  0 .2 0 .5 2 2 0.515
Rf 0 .2  -  0 .3 0.256 0.403
Rf 0 .3  -  0 .4 0.211 0.332
Rf 0 .4  -  0 .5 0.301 0.478
Rf 0 .5  -  0 .6 9.532 1.219
Rf 0 .6  -  0 .7 1.773 0.673
Rf 0 .7  -  0 .8 0.418 0.324
Rf 0 .8  -  0 .9 0.606 0 .5 0 4
Rf 0 .9  -  1 .0 0.661 0.588
C o n tro l 0.236 0.395
lO 'lO g Aj/m l 0.183 0 .3 1 1
10-9 0.253 0.380
10-8 2.325 0.781
10-7 6.873 1 .2 3 0
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B arley  Endosperm B ioassay : d a ta  fo r  F igu re  33
V a rie ty  of B arley : Cambrinus 
In c u b a tio n : 39 hours @ 33^C
F ra c tio n s  Mean mg red u c in g  sugar Mean mg p ro te in
Rf 0 .0  -  0 .1 1.133 0.599
Rf 0 .1  -  0 .2 3.520 0.761
Rf 0 .2  -  0 .3 2.856 0.798
Rf 0 .3  -  0 .4 3.349 0.866
Rf 0 .4  -  0 .5 9.638 1.315
Rf 0 .5  -  0 .6 0.628 0.557
Rf 0 .6  -  0 .7 0 .311 0.457
Rf 0 .7  -  0 .8 0.576 0.568
Rf 0 .8  -  0 .9 0.616 0.596
Rf 0 .9  -  1 .0 0.688 0.618
C on tro l 0.282 0.534






L ettu ce  b io assay  r e s u l t s
164
le t tu c e  B ioassay : d a ta  f o r  F igu re  8 a .
(5^ le v e l  = - 1 .4 0  mm or -  28.5?“ c o n tro l  v a lu e )
T est Eso lu tio n Mean liypoco ty l le n g th  in  mm io C on tro l
C on tro l 4 .4 1 1
4.69 1
5 .2 2  r 4.92
10-®g
5 .35  J
A^/ml 5.63 V
5 . 5 7 J 5 .60 1 1 3 .8
10"7g A^/ml 9 .92 201.6
10-^e A^/ml 20 .15 4 0 9 .1
10-5g A ,/m l 2 3 .7 0 481.7
F ra c tio n s  d i lu te d  x 15:
F-1 0 .0 0 .0
F-2 4.18 85 .0
E-3 4.98 101.2
F-4 4 .3 7 88.8
F-5 5 .5 0 111.8
F-6 5.63 1 1 4 .4
F-7 4 .3 0 87 .4
F-8 4.43 9 0 .0
F-9 5.02 102.0
F-10 4.37 88.8
F-11 4 .2 4 86 .2
F ra c tio n s  d i lu te d  x 45:
F-1 0 .0 0 .0
F-2 4.60 93 .5
F-3 5.53 112.4
F-4 4.72 95.9
F-5 6 .00 122.0
F-6 5 .20 1 0 5 .7
F-7 4 .31 87.6
F-8 5.00 101.6
F-9 5.89 1 1 9 .7
F-10 4.67 94.9F-11 4.98 101.2
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le t tu c e  B ioaesay : d a ta  f o r  F igu re  9a.
Mean liypocotyl io Mean r a d ic le  1
T est s o lu t io n le n g th  in  mm C ontrol le n g th  in  mm C ontro l




" 2 .5 2
10’"^g A^/ml 4.604
4 .00J 4 .30 170 .6
10"7g A^/ml 8.22 326.2
10“ 8g A ,/m l 20.69 821.0
F ra c tio n s  d i lu te d  x 1 5 :
F-1 0 .0  (ti Kic)0.0
F-2 2 .15 85.3
F-3 2.98 118.3
F-4 2.80 111.1
F-5 3 .42 135 .7
F-6 2.68 106.3
F-7 3 .03 120.2
F-8 2.68 106.3
F-9 2.75 1 0 9 .1
F-10 3 .0 4 120.6
F-11 2.79 110.7
C on tro l 4 .351
4.40
4.32
4 .7 1 ;
► 4.49
19.55)
I 7 .O2 J
10“8g A^/ml 6.771 
5 .97  j 6.37 141.9 i î : i }  21-57
1 1 9 .2
10"7g A^/ml 11.60 258.4 24.35 134 .5
10“ 8g A^/ml 22.11 4 9 2 .4
F ra c tio n s  d i lu te d  x 45:
F-1 3 .2 1 71 . 5 3 .0 3 16.7
F-2 3 .4 7 7 7 .3 5 .2 7 29.1
F-3 4.97 110.7 22.58 124.8
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L e ttu ce  B ioassay : d a ta  fo r  F igu re  9a (con tinued )
Mean hypoco ty l io Mean r a d ic le io
T est s o lu t io n le n g th  in  mm C on tro l le n g th  in  mm C on tro l
F-4 3.88 86 .4 15.68 86 .6
F-5 4.06 90 .4 19.88 1 0 9 .8
F-6 4.23 94.2 17.94 99.1
F-7 3.89 86.6 19.68 108.7
F-8 3.46 77 .1 20.46 113.0
F-9 3.60 80 .2 20.74 114.6
F-10 4.32 96.2 20.57 113.6
F-11 3.48 77.5 16.19 89 .4
5^ s ig n if ic a n c e  le v e l :  
H ypocotyl -  d i lu te d  x 15 
d i lu te d  X 45
0 .60  mas o r -  25 .8^  of c o n tro l  
+0.17 nms or -  12 .0^  of c o n tro l  
R ad ic le  -  d i lu te d  x 45 = 4 .74  urns or -  26 .2^  of c o n tro l
167
le t tu c e  B ioassay : d a ta  fo r  F igu re  10a.
Mean hypocoty] Mean r a d ic le
T est s o lu t io n le n g th  in  mm C ontro l le n g th  in  urn C on tro l





















r 21.87 1 1 5 .0
10” 7g A^/ml 9.98 275.7 28.11 147.9
F ra c tio n s  d i lu te d  x 15:
F-1 to x ic  0 ,0 0 .0 0 .0 0 ,0
F-2 3.18 87 .8 20.20 106.3
F-5 3 .54 97.8 25 .09 121.5
F-4 4.55 125.7 27 .75 146.0
F-5 5.71 157.7 26.95 141.8
F-6 7.68 212.2 24.75 1 3 0 .2
F-7 5.05 139.5 22.98 120.9
F-8 5.77 159*4 22.58 1 1 7 .7
F-9 4.05 111.9 to x ic 0 .0 0 .0
F-10 3.69 101.9 to x ic 0 .0 0 .0
F-11 to x ic  0 .0 0 .0 to x ic 0 .0 0 .0
F ra c tio n s  d i lu te d  x 45:
F-1 2.96 81.8 20.89 1 0 9 .9
F-2 2.82 77.9 20.85 135.9
F-5 3.09 8 5 .4 27 .12 1 4 2 .7
F-4 2.94 81.2 25.98 126.1
F-5 4.28 118.2 25.28 133 .0
F-6 4.77 131.8 28.26 148.7
F-7 3.54 97.8 26.17 1 3 7 .7
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L e ttu ce  B ioassay : d a ta  fo r  F igure  10a (con tinued )
T est s o lu t io n
Mean hypoco ty l io
O ontrol Mean r a d ic le C on tro lle n g th  in  mm 'le n g th  in  mm
F ra c tio n s  d i l i i te d  X 45 (con tinued )
F-8 4.00 110.5 26.41 138.9
F-9 4.58 121.0 22.12 116.4
F-10 3.85 10 5 .8 19.82 104.3
F-11 3.58 98.9 0 .0  to x ic  0 .0  
_  _  __________
55^  s ig n if ic a n c e  l e v e l :
H ypocotyls = io.57mms or -  1 5 . 7^  of c o n tro l  
R ad ic le s  = -2.88mms or -  15 .2 ^  of c o n tro l
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le t tu c e  B ioassay : d a ta  f o r  F igu re  11a
T est s o lu t io n
Mean hypoco ty l io
C ontro l
Mean r a d ic le
C on tro lle n g th  in' mm le n g th  in  mm
C on tro l


















1 4 .6 8
1 3 .1 2
16.88
1 3 . 99 .
17.15]
2 0 .4 0
21.08J
14.65
1 9 .5 4
23.15
1 3 3 .4
158.0
F ra c tio n s  d i lu te d  x 1 5 :
F-1 1.79 35 .5 1 .78 12.2
F-2 6 .78 134 .5 2 2 .2 9 1 5 2 .2
F-3 8.75 173.6 3 3 .0 9 225 .9
F-4 6 .05 120.0 27.08 184.8
F-5 4.74 94.0 26.11 178.2
F-6 4.45 88 .3 to x ic  0 .0 0 .0
F-7 3.06 60.7 to x ic  0 .0 0 .0
F-8 3.92 77.8 to x ic  0 .0 0 .0
F-9 3 .4 2 67.9 6 .0 4 1 .0
F-10 3.92 77.8 1 5 .9 2 108.7
F-11 3 .5 2 69.8 20.74 141.6
F ra c tio n s  d i lu te d  x 4 5 :
F-1 3 .4 2 67.9 14 .55 99.3
F-2 5.68 112.7 20.60 140.6
F-3 6 .9 2 137 .3 28.58 1 9 5 .1
F-4 5.08 100.8 23.38 159.6
F-5 4.45 88.3 16.83 114.9
F-6 3.74 74.2 15.38 1 0 5 .0
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L e ttu ce  B ioassay : d a ta  f o r  F igu re  11a (con tinued )
T es t s o lu t io n Mean hypoco ty l ioC ontro l
Mean r a d ic le
C on tro lle n g th  in  mm le n g th  in  mm
F ra c tio n  d i l u t ed X 45 (con tim led)
F-7 4.52 85.7 15.85 94.5
F-8 4 .22 85 .7 15.45 105.5
F-9 4 .54 90.1 17.20 117.4
F-10 4.49 ' 89 .1 19.45 152.6
F-11 5.57 70.8 17.66 120.5
5^ s ig n if ic a n c e  l e v e l :
H ypocotyls = -  0 .98  mm or -  1 9 .4^  of c o n tro l  
R ad ic le s  = -  3 .6  mm or -  24.6?^ of c o n tro l
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L ettu ce  b io a ssa y : d a ta  f o r  F igure 13a.
T est s o lu t io n
Mean hypoco ty l
C on tro l
Mean r a d ic le
C on tro lle n g th in  mm le n g th in  nmi
C on tro l
10~^g A^/ml 
10"7g A j/m l
3 .75 ] 
3 .91  




















F ra c tio n s  d i l i ited  X 15:
F-1 2.25 59.2 16.60 105.1
F-2 3.43 90.5 16.03 101.5
F-3 3.23 85.0 17.37 109.9
F-4 3.85 101.3 14.85 94.0
Fe5 3.42 90.0 11.75 74 .4
F-6 4.26 112.1 16.00 101.3
F-7 4 .42 116.3 17.63 111.6
F-8 4.25 111.8 15.51 98.2
F-9 3.78 99.5 16.94 1 0 7 .2
F-10 3.29 86.6 9.92 62.8
F-11 3 .30 86.8 17.23 109.1
5^ s ig n if ic a n c e  le v e l :
H ypocotyl = -  0 .41  ipms or -  10 .8^  of c o n tro l  
R ad ic le  = -  3 .88 mms or -  24 .6 ^  of c o n tro l
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L e ttu c e  B io a ssa y : d a ta  f o r  F ig u re  1 4 a .
Mean hypocoty] Mean r a d ic l e fo
T e s t s o lu t io n le n g th  in  nun C o n tro l le n g th  i n  mm C o n tro l







5 .2 3 .
6.801
6 .40J
, 4 .7 4  
6 .6 0 139 .2
22.54]
16 .95
1 9 .40 |
17 .43
1 8 .7 1
I 8 . 95J
20.451
2 0 . 73)
1 9 .0 0
2 0 .5 9 108 .4
IQ-'^g A^/ml 11.95 252 .1 2 3 .7 7 1 2 5 . 1
F r a c t io n s  d i l u t e d  x 15:
F -1 2 .7 8 58 .6 to x ic 0 .0 0 .0
F-2 3 .85 8 1 .2 2 3 .4 0 1 2 3 . 2
F-3 4 .15 8 7 .6 2 6 .1 5 1 3 7 .6
F -4 7 .8 8 166 .2 3 0 .0 2 1 5 8 .0
F-5 4 .1 8 8 8 .2 2 1 .5 7 1 1 3 .5
F-6 5 .65 119 .2 2 3 .2 2 122 .2
F-7 5 .98 126 .2 26 .49 1 3 9 . 4
F-8 5 .55 117 .1 21 .48 1 1 3 . 1
F -9 5 .1 4 108 .4 2 1 .5 1 1 1 3 .2
F-10 5 .4 9 115 .8 to x ic 0 .0 0 .0
F-11 to x ic 0 .0 0 .0 to x ic 0 .0 0 .0
s ig n i f i c a n c e  l e v e l :
=  -  1 .70
R a d ic le  = -  5 .0 6  mms o r -  2 6 .6 ^  of c o n t r o l
H y poco ty ls   nuns or -  35 #9^ o f c o n t r o l
L e ttu c e  B io a ssa y : d a ta  f o r  F ig u re  15a .
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T e s t s o lu t io n
Mean h y p o c o ty l
C on tro l
Mean r a d i c l e
C o n tro lle n g th  in  mm le n g th  i n  mm
C o n tro l
10"®g A^/ml 
IQ-'^g A^/ml
3 .5 4 \
5-45














F r a c t io n s  d i l u t e d  x 15:
F -1 2 .4 8 7 1 .9 20.25 90 .8
F-2 3 .2 8 9 5 .1 20 .17 9 0 ,4
F-3 2 .92 8 4 .6 21 .48 96 .3
F -4 2 .83 8 2 .0 19 .25 8 6 .3
F-5 3 .35 9 7 .1 24.75 110 .9
F-6 3 .3 8 98 .0 24 .78 111 .1
F-7 4 .53 131 .3 27 .32 122.5
F-8 3 .79 109 .9 26 .40 118.3
F-9 3 .6 0 104 .3 2 2 .9 7 102 .0
F-10 3 .6 2 104 .9 21 .75 97.5
F -11 2 .26 65 .5 to x ic 0 .0 0 .0
F r a c t io n s  d i l u t e d  x  45 :
F -1 2 .9 8 8 6 .4 22.05 98 .8
F -2 3 .0 9 8 9 .6 20.86 93.5
F-3 3 .2 2 93 .3 23.85 106 .9
F-4 3 .15 91.3 20 .49 91 .8
F-5 3 .4 3 9 9 .4 22 .19 99.5
F-6 3 .57 103 .5 22 .34 1 0 0 .1
F-7 3 .45 10 0 .0 28 .43 127 .4
L e ttu c e  B io a ssa y : d a ta  f o r  F ig u re  15a (c o n tin u e d )
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Mean h y p o c o ty l Mean r a d ic le /»
T e s t s o lu t io n le n g th  in  mm C o n tro l lenfcth  in  nim C o n tro l
F r a c t io n s  d i lu te d  x 45 (c o n tin u e d ) :
P -8 3 .0 2 87 .5 2 5 .28 113 .3
g -9 3 .0 2 8 7 .5 22 .63 101 .4
]?-10 2 . 7 2 7 8 .8 2 4 .2 0 108.5
? - l l 3 . 0 9 8 9 .6 1 7 . 4 2 7 8 .1
5^ s ig n i f i c a n c e  l e v e l :
H y p o co ty ls  = -  O .5 I  nms o r  ~ 14*8/^ o f c o n t r o l
R a d ic le = -  4 .3 5  mns o r -  19*4?^ o f c o n t r o l
L e ttu c e  B io a ssa y : d a ta  f o r  F ig u re  1 6 a .
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Mean h y p o c o ty l io Mean r a d i c l e
T e s t s o lu t io n le n g th  in  imn C o n tro l le n g th  in  mm C o n tro l




2 .83  
3 .06  












10“ ®g A ^ m l 4.141
4 .05
4.00J





10~'^g A j/m l 9 .72 3 4 4 .7 n 22.58 1 1 4 .1
10” ^g A^/ml 2 1 .9 1 777 .0 28.85 145 .8
F r a c t io n s  d i l u t e d  x 15:
F -1 to x ic  0 .0 0 .0 t o x ic 0 .0 0 .0
F-2 2 .0 4 7 2 .3 3 .05 1 5 .4
F-3 2 .88 1 0 2 .1 18 .92 95.6
F -4 3 .1 7 112 .4 24.65 124 .6
F-5 3 .45 122 .3 21.25 108 .4
F-6 3 .36 1 1 9 .1 2 4 .2 1 122.3
F-7 3 .45 122 .3 24 .51 123 .9
F-8 3 .2 0 113.5 25 .02 1 26 .4
F-9 2 .7 7 98 .2 19 .10 96.5
F -10 2 .46 8 7 .2 17 .71 89 .5
F-11 to x ic  0 .0 0 .0 to x ic 0 .0 0 .0
F r a c t io n s  d i l u t e d  x 45:
F -1 to x ic  0 .0 0 .0 to x ic 0 .0 0 .0
F -2 2 .6 0 9 2 .2 1 2 .1 6 1 .1
F-3 2 .8 2 100 .0 1 5 .8 79 .8
F -4 3 .1 1 110 .3 20.56 103 .9
F-3 3 .3 4 118 .4 19 .06 96 .3
L e ttu c e  B io a ssa y : d a ta  f o r  F ig u re  16a ( c o n t in u e d ) .
176
T e s t s o lu t io n
Mean h y p o c o ty l
le n g th  in  mm
io
C o n tro l
Mean r a d ic le  
le n g th  in  mm
F r a c t io n s  d i l u t e d  x 45 (c o n tin u e d ) :
C o n tro l
F -6 2 .9 0 102 .8 1 7 .8 2 90 .0
P -7 3 .1 8 112 .8 17 .87 90.3
F -8 3 .0 2 107 .1 21 .32 107 .7
F-9 3 .25 115 .2 1 9 .5 2 98.6
F -10 2 .7 2 96 .5 16 .42 8 3 .0
F -11 3 .0 2 107 .1 11 .23 56 .7
5^ s ig n i f i c a n c e  l e v e l :
H y p o co ty ls  = -  0 .6 6  mms o r -  25#4^ o f c o n t r o l  
R a d ic le  = -  5 .6 4  mms o r -  1 8 .4 ^  o f c o n t r o l
